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PROCEEDINGS 
OF THE 


AMERICAN PHILOSOPHICAL SOCIETY. 


Vou. XIV. 1874. No. 92. 


Stated Meeting, January 2d, 1874. 
Present, 14 members. 
Vice-President, Mr. Fratey, in the Chair. 


A letter announcing the death of Dr. Carl F. Naumann 
was received from Dr. Ernst Naumann, dated Dresden, 
Dee. 4th, 1873. 

A letter requesting information was received from Capt. 
J. Herschel, dated 21 Sumner place, Brompton, London, W. 

A letter respecting copies of Mr. Henry Dexter’s bust of 
Agassiz was received, dated Cambridge, Dec. 18th, 1873. 

A letter requesting the completion of series of the Trans- 
actions and Proceedings was received from the Secretary of 
the K. K. Geologische Reichsanstalt, dated Vienna, Sept. 
20th, 1873. 

On motion, the request of the Institute was granted, and 
the missing parts of the series ordered to be sent. 

Letters of envoy were received from the Prince Jablon- 
owski Society at Leipsig, dated Aug. 12th, 1873, and from 
the Department of the Interior at Washington, dated Dec. 
22d, 1873. 

Donations for the Library were received from the Academia 
dei Lincei; the Geological Institute at Vienna; the Prince 
Jablonowski Society ; the German Geological Society ; the 
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Revue Folitique; London Nature; the Royal Geographical 
Society ; the Nova Scotian Institute; the Boston N. I. Society ; 
Cambridge Museum; Prof. O. C. Marsh ; the Connecticut 
Academy ; Commissioners of Fisheries of New Jersey ; Penn 
Monthly ; Medical News; Mr. Geo. W. Childs; the U. 8. 
Chief of Engineers; Librarian of Congress; and Wisconsin 
Historical Society. 

The death of Prof. Carl Naumann, at Leipsig, on the 26th 
November, 1873, was announced. 

Prof. Cope stated that the species figured and described 
by Prof. O. C. Marsh, in a paper received for the Library 
to-night, under the name of Srontotherium ingens, is the 
one described by himself under the name of Symborodon 
trigonoceras, in the Synopsis of Extinct Vertebrata of Colo- 
rado, issued in October, 1873, by the U.S. Geological Survey 
of the Territories. 

Professor Frazer said: “ A few meetings ago I referred to 
the fact that the white color of the moon by day was due 
to the fact that the dispersed blue light of the sun just 
supplied the dispersed blue light of the moon, and I suggested 
that the solar origin of these otherwise missing rays might 
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be demonstrated by choosing the first or third quartering of 


the moon (when lines joining the sun and earth, and the 
earth and moon, meet nearly at right angles), and regarding 
the moon through the Nicols prism. As under these circum- 
stances the solar light would be polarized, a change between 
white and yellow ought to be perceived. The experiment 
bore out this hypothesis, although, owing to the perfect 
reflection from suspended particles of greater size than those 
which reflect the blue light, the color was not a pertect 
yellow.” 

Professor Lesley exhibited a recently executed large manu- 
script map of a hundred square miles of the surface of Centre, 
Huntingdon, and Blair Counties, in Middle Pennsylvania, 
with three vertical sections crossing the district—one along 
the Little Juniata River; another two miles further east, 
along Warrior Run; and a third five miles further east, 
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along Half Moon Run. These sections extend across the 
Valley of Lower Silurian Limestone, with beds of brown 
hematite iron-ore, and across the bounding mountains of the 
Middle Silurian Sandstone, Bald Eagle Mountain on the 
west, and Tussey Mountain on the east, the great anticlinal 
upthrow of Bellefont being seen in all three sections at the 
east foot of Bald Eagle Mountain, the Limestones dipping 
east away from the fault at a uniform dip of about 54°. 

He then explained the theoretical difficulties which have 
hitherto beset the dynamic questions raised by a phenomenon 
of this kind, an overthrown and faulted anticlinal ; especi- 
ally the question why a dip of just above 54° should follow 
one side of the fault for many miles, when the rocks on the 
other side of the fault stood vertical. 

This question he thought he had just succeeded in settling 
by a discovery which resulted from the construction of a 
fourth section, which he exhibited, extending from the Bald 
Eagle Mountain westward to the summit of the Alleghany 
Mountain, taking in the vertical Middle Silurian rocks, the 
steeply inclined Upper Silurians, the Devonians dipping 
regularly less and less (from 28° to 8° where observed at 
different points along the section), and the almost horizontal 
Lower Coal Measures at the summit of the Alleghany 
Mountain. 

By a system of co-ordinates, the exact curve of the up- 
throw on the western side of the Great Fault was displayed, 
using the observed dips along the line of section as elements 
of construction. The country west of the dip of 15° was as- 
sumed to be in its original condition. East of this point, or 
of the “hypothetical limit of stability,” the steeply upturned 
strata were supposed to slide upon each other with a shear- 
ing motion. The basset edges of the vertical strata must be 
considered as rising in steps above each other westward at 
the plane of fault, the slope thus obtained facing the east, 
many thousand feet in the air, over the Bald Eagle Mountain. 

On caleulating the angle of this slope, which is not a per- 
fect plane, but a slightly curved surface, it turned out to be 
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an angle of 51° high up, 52° lower down, 53° just over the 
the mountain, and still steeper where it descended to the 
present surface of the country, that is, along the line where 
the vertical rocks are covered by the limestones dipping 
uniformly about 54°. 

It seems impossible to resist the conclusion that this dip 
of 54° shows that the whole mass of Paleozoic formations 
on the east, about 20,000 feet thick, rose and rode up the 
plane formed by the basset edges of the mass upturned 
vertically on the western side of the fault, and rested thereon 
at an angle due to the bevel of the western mass, a bevel 
geometrically determined by the shearing movement among 
the members of the upcurved western mass. 

Mr. Lesley considered the discovery of much importance 
for structural geology, and that it may prove to be the first 
real step towards a satisfactory conclusion respecting the 
slope, or underground (and in the air) angle, of great faults ; 
also proving the negative against a common belief that the 
great anticlinals of disturbed regions must be reconstructed 
in air sections as if gaping. It lends great support also to 
the doctrine of vast erosions, a doctrine taught by Pennsyl- 
vanian geologists for many years,and more recently contended 
for by Jukes, Ramsay, Geikie, and other advanced geolo- 
gists abroad, on unimpeachable and irresistible evidence. 

The report of the Judges and Clerks of the Annual 
Klection was read, by which it appeared that the following 
officers and members of Council had been elected : 


President, 
George B. Wood. 
Vice-Presidents, 
John C. Cresson, Isaac Lea, Frederick Fraley. 
Secretaries, 


Charles B. Trego, E. Otis Kendall, John L. LeConte, 
J. P. Lesley. 
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Councillors to Serve three years, 


Isaac Hays, Robert E. Rogers, Henry C. Carey, Robert 
J 9 > 9 e v7? 
Bridges. 


Curators, 
Joseph Carson, Hector Tyndale, Charles M. Cresson. 
Treasurer, 
Charles B. Trego. 


Mr. Lesley was nominated Librarian for the ensuing year. 

Pending nominations Nos. 740, 741, 742, 743, 744 were 
read. 

And the meeting was adjourned. 


Stated Meeting, January 16th, 1874. 
Present, 15 members. 
Secretary, Prof. Tree@o, in the Chair. 


A letter accepting membership was received from Dr. 
Franz Joseph Lauth, Prof. Accad. Conservator, dated 
Munich, Blumenstrasse, No. 2413 rechts, Dee. 16th, 1873 
(see printed Proceedings). 

Letters of envoy were received from the Greenwich Ob- 
servatory, Dec. 31st, Royal Institution, Liverpool, Dec. 1st, 
and the Société Nationale des Sciences Naturelles de Cher- 
bourg, Sept., 1873. 

On motion, the last-named society was placed on the list 
of corresponding societies to receive the Proceedings. 

Donations for the Library were announced from the Royal 
Prussian Academy; the Geographical and Anthropological 
Societies of Paris; Ecole des Mines; Revue Politique; San 
Fernando Observatory ; National Society of Science at Cher- 
bourg; and Mr. Le Jolis; the Society of Physics at Bordeaux ; 
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R. Astronomical, Geographical, and Antiquarian Societies tn 
London; the editors of Nature; the Geological Society in 
Glasgow ; Boston 8. N. H.; Mr. W. E. Dubois; American 
Academy of A. and 8.; American Journal of A. and 8. ; 
Prof. F. L. O. Roehrig; American Journal of Pharmacy ; 
Mr. J. W. Nystrom; and the Chief of Engineers, U. 8. A. 
The Committee appointed to draft a minute of the death 
of Professor Agassiz presented the following report, which 
yas adopted : 


The Committee to whom was intrusted the duty of pre- 
paring resolutions expressive of the sorrow felt by the mem- 
bers of this Society for the death of their distinguished 
fellow-member, Louis John Rudolph Agassiz, respectfully 
report the following minute to be placed upon the records : 

In removing the name of Professor Agassiz from its list 
of living membe rs, the American Philosophical Society loses 
one of its most valued connections with the active world of 
science. But this name, transferred to the list of thedeparted, 
will always stand upon its records to its honor as an assovi- 
ation of men of many nationalities for the promotion of 
useful knowledge. 

Of such men Louis Agassiz was a conspicuous leader, a 
powerful coadjutor, a genial and inspiring companion, The 
loss lamented by this Society is keenly felt in every part 
of Christendom. His investigations have been pursued in 
so many regions of modern research, that scientific men in 
all branches sympathize with one another at his death. 
Great as a Comparative Zodlogist, he was specially unrivaled 
as an Ichthyologist. He was profoundly versed in the science 
of the beginnings of life He was the accepted e xpositor of 
glacial phenomena in their geological connections. Ilis 
collections were made on an unprecedented scale of grandeur, 
and studied with boundless ardor, wisdom and success. He 
knew how to induce civilians and legislators toa noble dis- 
charge of their obligations to physical science. He knew 
how to train original investigators in their youth, brighten 
their hopes, and enliven their aspirations in riper years; tiding 
them safely over the shoals of literary vanity and scientific 
ambition, and inspiring them with a loftier enthusiasm for 
truth itself. Coming to a new world as an Apostle of 
Original Investigation, every man of science in America 
sooner or later felt the influence of his presence. He charmed 
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all by his manners; he endeared himself to all by his frank 
and genial spirit ; he awed the rash and fortified the timid; he 
bound the leaders together, and gave laws to their followers ; 

he spread the love of nature through classes of society which 
had been insensible to its influence before; and as he lived, 

so he died, devising and executing new measures for laying 
a solid foundation for American science in the heart of the 
American people. His death is, therefore, a national bereave- 
ment, 

This Society would tender for the acceptance of the family 
and intimate friends of Professor Agassiz this solace : the 
conviction that his fame will stand with that of the great 
discoverers, investigators, teachers and inspirers of past and 
future generations, and the assurance which we here express, 
that, in our belief, no man of science could have lived 
more noble and useful life. 


Professor Houston communicated a Note on a Supposed 
Allotropic Modification of Phosphorus. (See Proceedings). 

Professor Cope illustrated with drawings and specimens 
his views of the comparative osteology of the camel and 
other artiodactyles, living and extinct, and concluded his 
remarks with a discussion of the Cretaceous age of. the 
lignite and coal formations of the Rocky Mountains. (See 
Pre ceedings.) 

Dr. LeConte expressed his gratification that his own 
views of the age of this formation, published some years ago, 
were now receiving such powerful support. 

Mr. Lesley was appointed Librarian for the ensuing year. 

The Standing Committees for the year were voted as 
follows: 

Finanee, 
Messrs. F. Fraley, E. K. Prive, and B. V. Marsh. 
Publication, 


Messrs. Trego, Carson, W. M. Tilghman, H. C. Baird, 
and C. M. Cresson. 


Hall. 
Messrs. Tyndale, Hopper, and S. W. Roberts. 
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Library, 
Messrs. Coates, E. K. Price, Carson, Krauth, and Whitman. 

On motion, the reading of the list of surviving members 
was postponed. 

Pending nominations Nos. 740, 741, 742, 743, 744 were 
read, spoken to, and balloted for, and the following declared 
duly elected members of the Society : 

Mr. Joseph M. Wilson, C. E., of Philadelphia. 

Dr. Wm. II. Wahl, Sec. Franklin Inst., Philadelphia. 

Mr. I. A. Lapham, State Geologist of Wisconsin. 

Dr. Hermann Kolbe, of Leipsig, Prof. Chem. University. 

Mr. J. E. Wootten, M. E., of Reading, Pa. 

And the meeting was adjourned. 


Stated Meeting, February 6th, 1874. 
Present, 10 members. 
Dr. Le Conte, Secretary, in the Chair. 


Letters accepting membership were received from Mr. 
I. A. Lapham, dated Milwaukee, Wis., Jan. 27th, 1874; 
Mr. Jos. M. Wilson, dated Philadelphia, Jan. 21st, 1874; 
and Dr. Wm. H. Wahl, dated Philadelphia, Jan. 22d, 1874. 

A letter enclosing a photograph was received from Dr. 
Ed. Jarvis, dated Dorchester, Mass., Jan. 28th, 1874. 

Letters of envoy were received from Mrs. Isabella James, 
dated Cambridge, Mass., Jan. 6th, 1874, and Boston Nat. 
List. Society, dated Boston, Jan. 22d, 1874. (88, 89, 80.) 

Donations were received from the R. Academies at Turin 
and Brussels; the Geographical Society in Paris; the R. 
Astronomical Society, and London Nature; the Essex Insti- 
tute; the Museum of Comparative Zoology in Cambridge ; 
Mrs. Isabella James, of Cambridge; the Boston Public 
Library ; Dr. Jarvis, of Dorchester; the American Journal 
of Arts and Sciences; the American Chemist ; American 
Journal of the Medical Sciences ; Med. News and Library 
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Franklin Institute; American Journal of Pharmacy ; Penn 
Monthly ; the Department of the Interior; the California 
Academy of Natural Sciences; and Prof. 8. 8. Haldeman. 

Prof. Cope offered for publication in the Transactions ar 
paper entitled, “ A Supplement to the Extinct Batrachia 
and Reptilia of North America.” 

On motion, the paper was referred to a Committee, con- 
sisting of Prof. Leidy, Dr. Newberry, and Mr. Lesley. 

Dr. Genth communicated some valuable results of recent 
analyses of limonites and limestones of the Lower Silurian 
district of Centre, Blair, and Huntingdon Counties, Penn- 
sylvania. (See page 84.) 

Mr. Lesley communicated the results of his recent topo- 
graphical and structural study of the same district. 

Prof. Chase developed some views of the relationships 
existing between the velocity of light waves in ether, and 
the velocities ‘of the sun and planets, entitled, “ A note on 
the Origin of Attractive force, Identifying the Velocity of 
Primitive Gravitating Impulse with the Velocity of Light.” 

New nominations Nos. 745, 746, and 747 were read. 

And the meeting was adjourned. 


Stated Mi eling, F. bruary 20th, 1874. 
Present, 18 members. 
Vice-President, Mr. FRAury, in the Chair. 


Mr. Wootten, a newly elected member, was introduced to 
the presiding officer, and took his seat. 

A letter of envoy was received from the American Insti- 
tute of Mining Engineers, dated Feb. 12th, 1874. 

Donations for the Library were received from the R. 
Prussian Academy ; Revue Politique ; London Nature; Mr. 
A. J. Packard, Jr.; Boston Soc. N. H.; New York Lyceum ; 
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Franklin Institute; American Chemist; American Institute 
of Mining Engineers ; Department of the Interior, U.S.; and 
Mr. G. R. Croteh, of Cambridge, Eng. 

« The Committee to which was referred the paper of Prof. 
Cope, entitled, “Supplement to the Extinct Batrachia,” &c., 
reported in favor of its publication in the Transactions ; 
which, on motion, was so ordered. 

The death of Dr. Wm. Proctor, February 10th, at Phila- 
delphia, aged 57, was announced by the Secretary. 

Dr. Cresson exhibited the action of Thompson’s Calori- 
meter, and stated the close coincidence of its results with 
those obtained by trial trips on the Pennsylvania Railroad. 

Dr. Cresson exhibited the triangular piece of galvanized 
iron, once the pinnacle of a cowl on the roof of a building 
struck with lightning. The point had been melted and 
elongated upwards and inclined towards an approaching 
cloud, into which the discharge from the earth through the 
building took place. 

The minutes of the last meeting of the Board of Officers 
and Members in Council were read. 

Pending nominations Nos. 745, 746, 747 were then read. 

Mr. Fraley reported that he had received the last quarterly 
interest on the Michaux legacy, due January Ist, through 
Drexel and Co. 

Mr. Price reminded the Society that half of the interest 
is appropriated by act of the Society to the planting of the 
| Michaux grove. During 1873 about $300 has been spent in 
| setting out about 100 foreign varieties of oak procured by 
Prof. Cresson. 

Dr. LeConte suggested the future planting of such trees 
within the Zoological Grounds. 

Dr. Horn stated that many of the foreign trees had already 
succumbed to the attacks of native parasites, two varieties 
of larve having been submitted to his inspection by the 
Chief of Park Police. 

Dr. LeConte, referring to the well known fate of our 
foreign sycamores and lindens, urged the necessity of plant- 
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ing trees with the side to the sun which had been so situated 
in their native sites, and under similar conditions of growth 
otherwise, so as to reinforce their resisting powers. 

Prof. Cope informed the meeting that Prof. Orton’s 
expedition to the Upper Amazon, organized at Vassar Col. 
lege, New York, had returned with copious collections, 
zoological, botanical, mineralogical and archveological, hav- 
ing reached 17° 8S. latitude. 

The meeting was then adjourned. 


Stated Meeting, March 6th, 1874. 
Present, 11 members. 
Secretary, Prof. KenpA.t, in the Chair. 


Donations for the Library were reported from the Societies 
at Moscow, Upsal, Gorlitz, Emden, Erfurt, Frankfort on 
Main, Chemnitz, Bonn, Geneva, Liverpooi, Bath, and 
Madison, Wis.; from the Academies at Berlin, Vienna, 
Brussels; from the Observatories at St. Petersburg and 
Upsal; from the Geological Institute at Vienna; School of 
Mines, and Revue Politique at Paris; Society of Arts and 
[Institutions in Union, Astronomical Society, and Meteoro- 
logical Office in London, London Nature; Prof. Cooke, of 
Cambridge; Public Library of New Bedford; Silliman’s 
Journal; Journal of Pharmacy; Penn Monthly, Deaf and 
Dumb Institute, Hospital for the Insane, House of Refuge 
in Philadelphia; U.S. War Department; and Mr. George 
Davidson. 

Dr. Allen offered for publication in the Transactions a 
memoir entitled “ Life Forms in Art,” with many illustra- 
tions, and described the subject and its treatment. 

On motion, the paper was referred to a Committee con- 


sisting of Mr. Whitman, Prof. P. E. Chase, and Dr. Brinton. 
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The Secretary exhibited a round bar of cast phosphorus- 
bronze, left for that purpose in his care by Mr. Hector Orr, 
who reported it broken under a tensile strain of 63,000 lbs. 
to the square inch. Its diameter at the place of fracture 


was slightly diminished. * 

Mr. Marsh read a communication, illustrated by diagrams, 
entitled, “ The Luminosity of Meteors due to Latent Heat.” 

Pending nominations Nos. 745 to 747, and new nomina- 
tions 748, 749, were read. 

And the meeting was adjourned. 


Stated Meeting, March 20th, 1874. 
Present, 12 members. 
Vice-President, Mr. FrAuey, in the Chair. 


A letter accepting membership was received from Dr. 
Hermann Kolbe, dated Leipsig, Feb. 15th, 1874. 

Letters acknowledging the receipt of Proceedings were 
received from Dr. Renard and the Public Museum at Moscow, 
June 26, 1672, Jan. 1, 1871 (86); Dr. Stralkowski, St. 
Petersburgh, July 1st, 1872 (86); Prof. A. Braun, Neuschén- 
bron, Berlin, Oct. 12th, 1873 (88, 89); the R. 8S. Upsal, Nov., 
1873 (86, 87, 88, 89); the N. H. S., Emden, Oct. 15, 1873 
(88); Prof. Sandberger, Wiirtzburg, Nov. 12th, 1873 (88, 
89); the Miinich Observatory, Dr. W. V. Lamont, Dec. 6, 
1873 (88, 88); R. Library, Miinich, Jos. Aumer, Dee, 1873 
(88, 89); R. Soc., Géttengen, Oct. 4th, 1873 (88, 89); N. H. 
Ass., Brean. Oct. 31, 1878 (88, 89); Prof. Loomis, N. 
Haven, March 14th, 1874 (90, 91); N. Y. Hist. Soc., G. H. 

* Original diameter of bolt (circular) .75 inch ; original area, .4417 in. ; reduced area 
at breaking point, .3(67 in.; strain on bolt at breaking, 19,550 Ibs. 63,100 lbs. per 


square inch. Alloy of tin 10, copper 90, less phosphorus, which is found to give useful 
properties within the limits of 2.5 and 0.1 per cent. 
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Moore, March 14th, 1874 (91); and many postal card receipts 
for 91, the number recently published. 

Letters of envoy were received from the R. 8., Upsal, 
Nov., 1873; the I. Acad., Vienna, Oct. 21st, 1873; the R. 
Library at Miinich, Dec., 1873; the 8. P. et H. N., Geneva, 
Sept. 15th, 1873; U.S. Naval Obs., B. F. Sands, Feb. 21st, 
1874; C. P. Obs., St. Petersburg, Jan., 1874. 

A letter requesting a set of Proceedings was received from 
the Silesian Society for Fatherland Culture, Breslau, March 
5th, 1873. 

A letter with three photographic pictures of Indian 
sculpture was received from Dr. C. H. Stubbs, Wakefield, 
Pa., purchased by the Society. 

“These pictures are taken from the northern face of a rock 
in the Susquehanna River, near Bald Friar, Md., on which 
are more than a hundred characters, diagrams, or figures, 
supposed to have been carved during the stone age. The 
rock is of quartz, mica, and anthophyllite. Dimensions of 
figures 12 « 6 and 10 x 6 inches. Photographed in July, 
1871. Sets in the Maryland Academy of Science, Lancaster 
Linnean Society, and Philadelphia Academy of Natural 
Sciences.” 

Donations for the Library were received from the R. Obs., 
Turin; Mun. Govt. at Linz; R. Acad. and Obs., Miinich ; 
J. Acad., Berlin; R. 8. Melbourne ; Geog. 8., Paris; Revue 
Pol.; London Nature; Mr. W. J. Henwood, Truro; the 
American Acad., Boston ; Franklin Institute ; Acad., N.S. ; 
Am. Chemist; Medical News; U.S. N. Obs. : Wisconsin 
Acad. Sciences ; and Minnesota Historical Society. 

The death of Charles Sumner, Senator U. S., at Washing- 
ton, March 12th, aged 68, was announced by the Secretary. 

The death of M. C. Quetelet, pére, at Brussels, Monday, 
Feb. 16th, 1873, aged 77, was announced by the Secretary. 

Prof. Cope communicated some facts revealed by Lieut. 
Wheeler’s last year’s explorations on the 100th meridian, in 
the valley of the great Colorado, and described some new 
types of living fish belonging to the fresh-water family of 
Cyprinids, and characterized by a great development of the 
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predorsal fin spine, a double spine, not co-ossitied. Three new 
types were described, two of them uaked of scales, and the 
third covered only with rudimentary scales. 

Prof. Cope communicated a short note entitled, “On the 
ZLoblogy of a Temporary Pool on the Plain of Colorado.” 

Mr. Blasius, of Philadelphia, present by invitation, exhi- 
bited maps and pictures of the tornado of August 22d, 1851, 
in Cambridge and Medford, Mass., and described his survey 
and study of the same, the impossibility of applying Red- 
field’s theory except to its central, and Espy’s to its ultimate 
track; for the initial division another explanation was 
requisite. This led him to the study of the general pheno- 
mena attendant upon the meeting of the equatorial and 
boreal currents, the determination of the shape of land : 
ocean gales, the use of clouds and their shapes and positions 


nd 
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for indicating the nature and position of approaching storms, 
and the construction of practical sailing directions for vessels 
in danger. 

Mr. Briggs said that he happened to see the tornado 
referred to, and gave an account of its aspect, effects, and 
the part of the track which he afterwards examined, by 
which he was led to the conviction that it was locally deter- 
mined, like other similar storms, by the low ground of 
Charles River, heated to an unusually high temperature in 
a calm day. 

Mr. Lesley replied that the constant eastward movement 
of these tornados, and their sometimes immense length, 
together with their well known repeated occurrence along 
the same lines of country, proved them items of an extensive 
system of physical conditions in the atmosphere on the shift- 
ing line of meeting of the equatorial and polar currents, as 
Mr. Blasius had so well described, and that he hoped the 
acknowledged defects of the present tornado sailing direc- 
tions would be corrected by those indicated by the theory 
of Mr. Blasius. 

Pending nominations Nos. 745 to 749, and new nomina- 
tions 750, 751, were read. 

And the meeting was adjourned. 
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Stated Meeting April, 3d, 1874. 
Present, 14 members. 
Mr. Eur K. Price in the Chair. 


Mr. Snowden, a recently elected member, was presented 
to the presiding officer, and took his seat. 

A letter was received from Samuel V. Summers, M.D., 
dated New Orleans, March 26th, 1874. 

A letter was received from Erastus W. Everson, Sec. and 
Lib. Un. 8. Carolina, acknowledging receipt of Proc. No. 91. 

A lithographed letter was received from G. Beck, Miinchen, 
March 22d, respecting Gemminger and Harold’s Cat. Coleop- 
teorum. 

A letter inviting discussion of J. R. Meyer’s doctrine of 
heat applied to gravity, at the ensuing meeting of the D. N. 
Versammlung, was received from five commissioners ap- 
pointed at the last meeting, dated Breslau, March 5th, 1874. 

Donations for the Library were received from the Societies 
at Erlangen and St. Gall; the R. Acad. at Brussels; Paris 
Geog. Soe. and Revue Politique; London Ast. Soe. and 
Cobden Club; Essex Institute; Silliman’s Journal; Prof. W. 
P. Trowbridge; New England Soc., N. Y.; Penn Monthly ; 
Am. Jour. Pharmacy; Dr. R. J. Levis; Mr. Isaac Lea; Me- 
Calla & Stavely ; Maryland Hist. Society ; U.S. Dep. of the 
Interior; University of 8. Carolina; Minnesota Academy ; 
N.8.; and Mercantile Lib. Ass., San Francisco. 

The Committee to which was referred the memoir of Dr. 
Allen on Art Forms, reported in favor of its publication in 
the Transactions. 

On motion, the paper was referred to the Publication 
Committee to report on the propriety of publishing it with 
its numerous illustrations. 

The death of Mr. Joseph Harrison in Philadelphia, Mareh 
27, aged 64, was announced by the Secretary, and on motion, 
Mr. Coleman Sellers was appointed to prepare an obituary 
notice of the deceased. 
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Prof. Chase communicated a plan of Life Insurance Com- 
panies, which would relieve them of the burden of canvassers. 

Dr. LeConte expressed the wishes of the officers of the 
U.S. Mint to have the council and advice of men of science as 
to the best device for a commemorative medal of Agassiz. 

The subject was, on motion, referred to Dr. LeConte, Dr. 
Wilcox, and Mr. Fairman Rogers. 

Prof. Haldeman exhibited a coin of Sumatra, found in a 
bag of coffee in Philadelphia. On one side was the legend, 
“ Tsland of Sumatra, 1804,” on the other, in Malay, “ sa teng 
wang,” one-half piece, and used it to illustrate the difficulties 
encountered by decipherers, and the methods of overcoming 
them. The coin he gave to the Museum of the Mint. 

Prof. Houston exhibited specimens of an apparently 
igneous rock from the banks of the Schuylkill, above the 
Serpentine quarries. 

Pending nominations No. 745 to 752 were read. 

And the meeting was adjourned. 


Stated Meeting, Apri! 17th, 1874. 
Present, 14 members. 
Vice-President, Mr. Frauey, in the Chair. 


Mr. Wilson, a lately elected member of the Society, was 
presented to the presiding officer, and took his seat. 

A letter was received from Mr. Coleman Sellers, accepting 
his appointment to prepare an obituary notice of the late 
Mr. Joseph Harrison. 

Letters of acknowledgment for No. 92 of the Proceedings 
were received from the New York Lyceum and Salem 
Institute. 

Letters of envoy were received from the Royal Saxon 
Society, dated Leipsig, November 18th and 29th, 1873. 
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Donations for the Library were received from the R. 
Asiatic Society of Japan, at Yokohama; the Royal Acad- 
emies at Copenhagen, Berlin, Leipsig, Géttengen; tbe 
Societies at Basil, Salem, Montreal; the Royal Bavarian 
Library, the Revue Politique; and London Nature; the 
London Royal 8S. Meteorological Committee ; Geographical, 
Chemical, and Zodlogical Societies ; Amherst College; State 
Geologist of New Jersey; Franklin Institute; American 
Journal of the Medical Sciences ; Medical News and Library ; 
American Pharmaceutical Society; Prof. E. D. Cope; U. 8. 
Department of the Interior ; and Prof J. Lawrence Smith. 

The R. Asiatic Society of Japan, at Yokohama, was 
ordered to be placed on the list of correspondents to receive 
the Proceedings. 

The Committee to which was referred the subject of a 
proper device for the Agassiz medal, reported through Dr. 
LeConte that they had considered the subject, and suggested 
a device to the officers of the U. S. Mint. 

At Prof. Cope’s request, the Secretary exhibited parts of 
a seull of obasileus galeatus, one of several specimens 
obtained by Prof. Cope last year, on the Bitter Creek, 
Wyoming. The posterior wall of the cranium is in this 


p> 


specimen very perfect, and retains one of its horns. The 
two middle pair of horns were in separate fragments, as also 
the two nasal horn-cores. 

A walrus fossil cranium from Aeccomae Harbor, in Vir- 
ginia, was also exhibited. The fragment was about nine 
inches long. Three well-worn teeth remained in their 
sockets on the side, and two on the other; one socket 
was vacant on one side, and two on the other. The front 
margin of the roof of the mouth was perfect, and both sockets 
for the tusks. The nasal cavities, separated behind and 
united in front with the partition, were well shown. The 
fragment terminated with the front wall of the brain cavity. 
The whole was thoroughly fossilized. 

This is the most southern specimen of walrus yet dis- 
covered on the Atlantic coast, and must have been washed 


A. P. 8.—VOL. XIV. C 
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ashore from glacial drift bedded beneath the actual sea 


sands of the Virginia coast. A specimen in the Museum of 


the Academy of Natural Sciences, at Philadelphia, was 
found much further north, on the New Jersey shore. The 
discovery of fossil walrus in Virginia is important, as indicat- 
ing the extension of the drift deposits further southward 
than was supposed. 

Prof. Chase read a note relative to Meyer’s theory of heat 
in its application to theories of gravitation, and explained 
the present attitude of the discussion. 

Prof. Fraser explained a possible improved method of 
notation for classifying organic compounds in chemistry, 
taking the compounds of carbon as a theme for illustration. 

Pending nominations Nos. 745, to 752 were read, spoken 
to, and balloted for, and on serutiny of the ballot-boxes the 
following were declared to be duly elected members of the 
Society : 

Dr, William Camac, of Philadelphia. 

Mr. John Coates Brown, of Philadelphia. 

Mr. Frank Thomson, of Altoona, Pa. 

Rev. Robert Ellis Thompson, of the University of Penn- 
sylvania. 

Mr. J. Norman Lockyer, of England. 

Mr. Richard A. Proctor, of England. 

Mr. Raphael Pumpelly, State Geologist of Missouri. 

Prof. Charles A. Young, of Dartmouth College, Hanover, 
New Hampshire. 


And the meeting was adjourned. 
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THe Brown Hematite ORE BANKS OF SPRUCE CREEK, WARRIOR’S 
Mark Run, AND HaLF Moon Run, In HUNTINGDON AND CENTRE 
CouUNTIES, PENNSYLVANIA, ALONG THE LINE OF THE LEWISBURG, 
CENTRE CouUNTY AND TYRONE RAILROAD. 


By J. P. Lestey, Proressor GEoLoey, UNIVERSITY OF PENNA. 
(Read before the American Philosophical Society, Jan. 2 and Feb.6, 1874.) 


PRELIMINARY CHAPTER. 


The district under examination, with an area of about one hundred 
square miles, is bounded on the west by the Bald Eagle Mountain, on 
the east by Tussey Mountain, and on the south by the Little Juniata 
River, and the Pennsylvania Central Railroad. 

The Huntingdon-Centre County-line crosses it transversely from moun- 
tain to mountain. The Huntingdon-Blair County-line follows the river. 

Spruce Creek flows southward along the foot of Tussey Mountain. Its 
branches, Warrior’s Mark Run and Half Moon Run, cross the country 
from Bald Eagle Mountain, along the foot of which their head waters 
flow. Logan’s Run flows at the foot of Bald Eagle Mountain into the 
Little Juniata River near Tyrone. See large Map. 

The river and the two runs afford fine opportunities for three cross- 
sections, represented in figs. 1,2 and 3. These sections have been photo- 
lithographed (like the map) to a very reduced scale for convenience of 
publication, but were carefully constructed on the same vertical and 
horizontal large scale, so that their geology may be relied on. 

The map was plotted with great care from the survey notes of Mr. 
Franklin Platt,* (as were also all the reduced local maps of the Ore 
Banks, figs. 8 to 44) and adjusted with almost no variation to the rail- 
road survey maps in the office of that experienced and most reliable Civil 
Engineer, Mr. Leuffer, who located, constructed and has in charge the 
completion of the L. C. C. and T. R. R., to whose courtesy I am in this 
as in other cases, so largely and gladly indebted. 

The map is drawn in ten foot contour lines, determined by aneroid ob- 
servations, based on the spirit levels of the railway lines, preliminary 
and adopted. One set of aneroid observations was carried to the top of 
Tussey from Pennsylvania Furnace; the rest of the mountain being drawn 
in by rough trigonometrical observations from the Spruce Creek road. The 
gaps in its terrace are all properly placed and their characteristic features 
given : but slight variations in the almost dead level crest of the moun- 
tain could only be indicated.. The survey of the Spruce Creek Valley 
was made rapidly and only for the purpose of assigning a proper value to 
its topographical features, a new township survey bya corps of odometer 
surveyors being the basis. Here a considerable adjustment had to be 
made, which renders this part of the map of no authority, as against 


*Formerly an Assistant on the U. S. Coast Survey. 
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careful future surveys. The adjustment affects the whole southeast 
corner of the map, viz.: the interval between the mouth of Warrior’s Run 
and the river. It is none of it accurate. The rest of the map is very 
accurate and reliable. 

Various former surveys of the Juniata were compared in plotting Mr. 
Platt’s survey along the Pennsylvania Railroad, and all were found to be 
discordant in details, but the topographical features of the deeply eroded 
bed of the Little Juniata are portrayed with sufficient precision. 

Time failed for a careful survey of the mouths of Canoe and Sinking 
Valleys south of the river. I leave these and the interesting synclinal 
mountain (Canoe“Mountain) which separates them, for a future oppor- 
tunity. Canoe Valley leads south into Morrison’s Cove, a reconnoissance 
survey of which I made some years ago for the Pennsylvania R. R. Co., 
to determine the economical value and geological attitude of its brown 
hematite iron ores, the analogues of those to be described in this report. 

Three sets of aneroid levels were carried to the top of the Bald Eagle 
Mountain, and two of these were continued to its western base, along 
which flows the Big and Little Bald Eagle Creeks, and runs the Bald 
Eagle (Tyrone, Bellefonte and Lockhaven) Railroad. A much more care- 
ful study of Bald Eagle Mountain than of Tussey Mountain had to be 
made ; first, on account of the Great (Bellefonte or Tyrone Forge) Fault 
which runs along its east foot; secondly, on account of the vertical attitude 
of its rocks and the very irregular erosion to which it has therefore 
yielded ; thirdly, on account of a deflection of trend, due to the little 
synclinal crimple shown in two of the Cross Sections; and fourthly, on 
account of the outcrops of fussil ore on its western slope. Yet, I should be 
glad to make a complete hypsometric projection of this very interesting 
mountain, with its dentated double crest, for scientific purposes. Its 
character is, however, well portrayed in my map and will tell the whole 
story to any geologist. 

A second map (also reduced by photolithography from its original scale 
of 100 perches to the inch,) is appended to this report. It is a copy, cor- 
rected to date, of the land line map* of Lyon, Shorb & Co.’s ore and other 
lands in Huntingdon, Blair and Centre Counties, covering about 200,000 
acres in the valley and on its two bounding mountains, and stretching 
westward beyond the Bald Eagle Creek to the coal measures on the crest 
of the Alleghany Mountain. It was impossible to transfer the numerous 
and complicated land lines of this map to my topographical map without 
concealing its features beneath a net work of irrelevant indications. I have 
gone even farther in my anxiety to show with unobstructed clearness 
the geology by the topography ; I have abstained from introducing local 
names upon my map, trusting to the intelligence of those who consult it, 
guided by a small key map in its southeast corner, and by the descriptions 
I give of localities with reference to the numerous ore banks which are 
numbered. The key to the numbers will be found in the northeast corner 


* The original is in the office of Mr. Lowrie, at Warrior's Creek, Huntingdon Co., Pa 
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ofthe map. The numbers follow rudely the ore belts, but not on any 
strictly scientific principle ; they are arranged for the convenience of the 
reader. 

A third map, heliotyped from a large original study of Brush Moun- 
tain (Bald Eagle Mountain continued southward across the Little Juniata 
River) is also appended, to show the outcrop of the Fossil Ore on that 
part of the property which extends in that direction. But the descrip- 
tion of these Upper Silurian Fossil Ores must be kept separate from my 
discussion of the Lower Silurian Brown Hematites, or Limonites of the 
Nittany Valley. 


anes 


GENERAL GEOLOGICAL CONSIDERATIONS. 


The country specially examined in this report covers outcrops of the 
following geological formations, designated by the numbers of the old 
Pennsylvania State Survey, and the names given them by English and 
by New York Geologists. 





No. V. Upper Silurian. j Clinton Red Shale. 


Middle, red, 
Lower, grey. 


No. IV fai white. ¢ Medina Sandstone. 
INO. ° 


Oneida Conglomerate. 
No. III. Lower Silurian. ' Hudson River Slate. 


Trenton Limestone. 
Black River Limestone. 
No. II. Lower Silurian. ; Birdseye Limestone. 
Chazy Limestone. 
Calciferous Sandstone. 


No. I. Lower Silurian. { Potsdam Sandstone. 


The Iron ore horisons described in this report are as follows: 


In No. V. The upper or soft fossil ores. 
The lower or hard fossil ore. 

In No. II. The first horison at the bottom of the Trenton Limestone : 
Pennsylvania Furnace and Spruce Creek ores, and ores of Cale Hollow. 

In No. II. The second horison: the whole Dry Hollow Range of ore 
banks, including Huntingdon Furnace and Dorsey Bank. 

In No. II. The lowest horison, far above the top of the Calciferous : 
the Warrior’s Mark and Lovetown Range and the Pennington Range. 


The dip of the rock, of the whole country exhibited on the map, from 
the foot of Bald Eagle Mountain to the crest of Tussey, is towards the 
§. 8. E., with one or two undulations of no great moment. This is plainly 
shown by the three cross sections, figs. 1, 2, 3. 
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A great fault runs along the foot of Bald Eagle Mountain, and on the 
west side of this fault the same formations are seen descending vertically. 
They then curve sharply, and pass horizontally N. Northwestward under 
the Alleghany Mountains, as shown in diagram section fig. 4. 

This diagram section is constructed from the dips of the Upper 
Silurian, Devonian and Coal Measure rocks, observed on a survey of the 
road from Bald Eagle Furnace up Emigh’s run and Laurel Creek to the 
crest of the Alleghany Mountain. The measurement of the curves of 
the different layers of this upturned mass, taken at every thousand feet, 
as shown in the diagram, result in giving a slope of 50° to 54° to the 
bassett edges of the broken mass. 

It is evident that the upslide of the other section of the broken mass 
has conformed to this slope, and that the uniform dip of 54° + observ- 
able for miles along the 8S. 8. East foot of Bald Eagle Mountain (as repre- 
sented in Juniata Section, and Sections AB and CD) is perfectly ex- 
plained by the diagram. 

This is the first time, I believe, a solution of this difficult problem in 
structural geology has been reached ; and its bearings upon similar phe- 
nomena attending upthrow-faults and broken anticlinals in other regions 
will be noticed by geologists. 

The theoretical deductions from this solution are important. 

It proves that the original fault was in a vertical plane, and not on a 
slant. 

It proves that the lower Silurian Limestone mass has ridden upon this 
slope to a considerable height, probably several miles, in the air above 
the present surface. 

It illustrates the great erosion of the country, amounting to thousands 
of cubic miles of earth crust, including the coal measures (which are 
preserved on Broad Top, 20 miles to the southeast,) and gives us the 
source of the Cretaceous and Tertiary deposits of New Jersey and 
Delaware. 

It leads me even to suspect the existence of a subterranean range of 
Laurentian Mountains (with their usual magnetic iron ores) at the bottom 
of the fault ; this range determining the line of fracture. 

It accounts for the general 8. 8. E. dip across the whole valley, Tussey 
Mountain, and as far as Huntingdon. 

It assures us that the brown hematite ore beds of the district studied 
in this report belong to rocks of different ages, and are ranged in parallel 
belts according as the formations which carry them descend successively 
(8S. S. Eastward,) beneath the present surface. 

It confirms the opinion that the quantity of ore in these belts is not a 
local accident at each of the ore banks, but bears a fixed relation and 
proportion to the outcrop run of the ore-bearing limestones, lengthwise 
of the valley ; and, therefore, that any estimate of the quantity of ore we 
may make by examining the diggings, must fall short of the actual 
quantity of ore to be mined in future years in this valley. 
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The criginal source of the brown hematite iron vres of our Lower 
Silurian limestone valleys has been speculatively sought for without 
sufficient investigation in the field ; and much practical mischief has re- 
sulted from the errors promulgated. Most persons have looked upon 
them as accidental and local inwashes from unknown sites. Some have 
more systematically defined them as a residual precipitate from the dis- 
seminated iron-sand grains of the surrounding Middle Silurian mountain 
rocks during their erosion. 

All such vague speculations might have been avoided had the results of 
Dr. R. M. 8. Jackson’s survey of the Nittany Valley ore beds in 1838 or 
1839 been published by himself. As assistant on the geological survey of 
Pennsylvania he obtained the data necessary for concluding, at that early 
day, that they were deposits in loco originali, of the iron (as hydrated 
peroxide) set free from the limestone or dolomite rocks during their 
gradual erosion and dissolution. 

I have myself, during the last twenty years, had ample opportunities 
for arriving independently at the same conclusion; and an intelligent 
study and comparison of the aspects of the ores and rocks in our iron ore 
banks will, I think, satisfy any good geologist in the same sense. 

The precise modus operandi of the process is not yet well understood ; 
for it involves chemical considerations not thoroughly worked out. But 
a general statement of the operation can be made without risk of serious 
error. 

The rocks of the Lower Silurian Age were originally sea-muds, com- 
posed of rounded grains of dolomite (derived from previously existing 
Laurentian Land), cemented togeiher with a paste of carbonate of lime. 
Some.of the beds consisted also of rounded grains of quartz. Some of 
the layers were nearly pure carbonate of lime. All contained a larger or 
smaller percentage of iron, lead, zinc and other metals, precipitated 
either chemically, or by the agency of organic beings, from the solutions 
of their carbonates, chlorides, &c., in the river-and sea-waters. The 
orderly explanation of all the chemical and organic features of this 
complicated operation is still to be given to the scientific world. But all 
will agree that the general character of the calcareo-ferruginous muds, 
the sediments of that early geological age must have been much as 
above described. 

During the long Upper Silurian, Devonian and Carbiniferous Ages, 
these Lower Silurian sediments were buried to a depth of over 16,000 feet, 
beneath the later sediments. They remained wet. Their great depth 
raised their temperature 16,000 -- 50 — 320° Farenheit’s thermometer - 
which added to the mean temperature of the surface, would keep them 
under the influence of a moist heat of nearly 400° F. through what to 
man is a small eternity of time. 

Dr. Genth’s discovery of the amorphous or gelatinous condition of a 
part of their silica is thus explainable. Varied reactions must have 
ensued. The carbonates of lime and magnesia combined as dolomites, 
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which in part crystallized in rhombohedral crystals, the forms of which 
we now see, in the outcrops, emptied by dissolution. The silica hardened 
(without crystallizing) around these rhombs, so that we see the same 
cavities in it. The iron became peroxydised as fibrous hematite and the 
silica can be obtained by dilute nitric acid also in the same fibrous form. 
All this points to the first formation of the iron ore while the rocks were 
still at a great depth, wet and soft and warm. 

But at the end of the coal era the Middle States rose from the waves 
and have never been covered by the ocean since that time. The edges of 
the Bellefonte Fault stood as a mountain range as high as the Alps (see 
Fig. 4), and the backs of some of the great anticlinals of Pennsylvania 
must have formed plateaus then as high as Thibet and Bootan are now. 


Fie. 5. 


Erosion commenced and has continued through the Permian, Jurassic, 
Cretaceous and Tertiary Ages to the present day, and still goes on. The 
high plateau was gradually worn down to the present surface. Moun- 
tains once 30,000 or 40,000 feet high are now but 2,000 or 3,000 above 
sea level. The valleys were excavated as the mountains-lowered, and 
the outcrops of the Lower Silurian limestones of Nittany Valley are but 
800 to 1300 feet above tide (see the contour lines of the map). 

This slow erosion gives us the second part of our explanation of the 
brown hematite iron ores. It explains the innumerable caverns and sink 
holes and dry hollows of this Nittany and other limestone valleys, It 
leads us to expect to find traces of such caverns and widened fissures 
and sink holes of the last preceding age, filled up with a wash of clay, 
sand, and iron ore from outcrops lately existing not far above the out- 
crops which run along the present surface. 

The erosion now still going on, and the special activity of the last 
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or glacial age, may very well explain that outspread of surface wash-ore 
which makes so large a feature of the case. It may also explain the 
corrugations of the clay and ore strata in these superficial wash-ore de- 
posits as represented in Figures 5, 6, 7 ; the localities pictured being on 
the line of the railroad near the East Pennington Ore Banks. 

Thus the different theories in vogue among our iron men are harmo- 
nised. Each theory has its own basis of truth, its own set of facts, but 
does not embrace all the phenomena. 

Those who contend that the brown hematites lie in pockets are cor- 
rect ; but they must confine the assertion to that part of the ore which 
now occupies former caverns and fissures and sink-holes. 

Those who contend that the brown hematites are surface washes caught 
by the accidental variations of the earth’s surface, are correct ; but they 


Fia. 6. 


Summit Cut, in siena-colered Wash-Ore, exhibiting 
acstore (1) & débris of pulverized Calecf: $. 5. 


must limit the application of their theory to banks which show rolled 
gravel and rolled ore, and a confused and mingled mass of ore and 
sand and clay. 

A third view is equally correct and much more important. It must be 
accepted as probable, that in spite of later movements, and in addition 
to cavern-deposit ores, and surface-wash ores, there are interstratified 
beds of brown hematite, still in their original places, although not in 
their original condition, descending with the general slope of the forma- 
tions between undissolved limestone, dolomite and sandstone rocks to 
undetermined depths, and ranging lengthwise of the district, so that 
rows of ore-banks can be and have been opened in continuous belts of 
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many miles length, and on continuous outcrops of ore ground of every 
conceivable variety of character, quality and quantity. 

It is provable by reference to sections Figures 1, 2, 3, and other illus- 
trative drawings in this report, that there exists several of these belts ; 
representing different geological horisons ; and due to an extra charge of 
iron given, we know not how, to sediments of different ages. As, ona 
grand scale iron-bearing rocks occur at various stages of the column of 
palwozoic rocks from No. I, Potsdam 8. 8., to No. XII, Coal Measures, 
—so, within the narrower limits of one subdivision of this column, viz., 
in,the Lower Silurian system, iron bearing rocks occur at various stages, 
separated by from 500 to 2000 feet. These have already been stated. 


Fig. 7. 


Summit Guten Washere with Ore-streakes One : foot Chuck. 


The measurements will be given in my Detailed Description of the Ore 
Banks, and no repetition of them is here necessary.* I will only give in 
tabular form the thickness of the Lower Silurian Limestone formation 
so far as visible and as measured along Warrior’s Mark Run :— 
Hudson River Slates feet. 
Trenton Limestone, &c 2500 
Pennsylvania Furnace and Cale Hollow Ore Banks : 
Interval of Limestones 700 
Huntingdon Furnace Ore Banks : 
Interval of Limestones 
Pipe-ore Range near Toll-gate : 
Interval of Limestones 
Pennington, Town, Lovetown Banks : 
Interval of Limestones 
The edge of the Fault stops further measurement downwards : 
Total visible thickness of Limestones 


* See No. 31, Huntingdon Furnace Banks. 
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PRACTICAL VALUE OF THE OREs. 


The experience of sixty years has demonstrated the exact values of the 
brown hematite iron ores of all the Lower Silurian Valleys of Pennsyl- 
vania : on the Lehigh ; in the Great or Cumberland Valley ; in Kishico- 
quilis Valley ; in Morrison’s Cove, Canoe and Nittany Valleys. 


The general resemblance of ores from all the Banks is striking. The 
local variations are still more striking. The key to those variations was 
only got when the true geological theory of structure was studied out. 
But it is still a perplexing question why red-short, cold-short and neutral 
ores should lie so near each other. There is scarcely an ore bank in 
Pennsylvania in which the chemist will not find some infusion of sulphur 
and phosphorus. But some ores have been so slightly charged with one 
or other, or both of these elements, that they rank in the first class. 


Others are so heavily charged, that they are useless for Bessemer work ; 
take a low rank as anthracite or coke iron ores ; and only make good pig- 
metal when smelted in small quantities, with charcoal and a feeble cold- 
blast. 


This is especially true of those of the lowest geological horison or 
oldest in age, belonging to rocks of Pitsdam age, rocks which rise upon 
the flanks of the South Mountain. Fortunately, these ores nowhere reach 
the surface in Nittany Valley, being buried in the jaws of the Bellefonte 
Fault. Even the Pennington horison is too high for these ores. 


The consequence is, that most of the ores of the district under notice 
here yield a practically neutral ore and make the best possible iron in 
cold blast charcoal furnaces, and good iron with the hot blast, and min- 
eral fuel. The appended analyses of Dr. Genth will make this fact evi- 
dent, 

Phosphorus, however, is found in all known Silurian Brown Hematite 
ores (with some rare exceptions) in quantity enough to prevent the man- 
ufacture of steel. But in some cases mixture with other ores will rectify 
the ore. In other respects the per centage of phosphorus is too small 
todo hurt. Dr. Genth’s analyses will give the figures in this case also. 


The reputation of Pennsylvania iron was greatly made at Pennsylvania 
Furnace. Its quality could not be surpassed. Neither the older Swedish, 
nor the best English, when English iron was still good, nor the more 
recent magnetite pig-metal of Lake Champlain and Missouri, have ex- 
celled it ; and it shared this reputation with furnaces smelting similar 
ores. 

There are parts of the deposit in almost every Bank, which are sandy 
and lean. These have been hitherto fastidiously rejected by the charcoal 
coal blast furnaces of the district. Such ores are, however, in demand 
for our anthracite and coke furnaces, and the ever-increasing market for 
them will require the mining of the whole. I believe that carefully se- 
lected ore from these banks will even furnish iron fit for Bessemer use. 
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PROBABLE QUANTITY OF ORE. 


Estimates of the quantity of Brown Hematite Ores are among the 
most uncertain of all earthly things. Hence I give special statements of 
the size of excavation and prisms of ore ground in sight for each of the 
ore banks, in the chapter of this Report devoted to their local description. 

The surface ore wash is of various depths from 1 to 30 feet. The 
breadth of surface covered is sometimes but a few yards; sometimes 
several hundred yards. Intervals occur where all traces of surface ore 
vanish fro oa the belt. 

The thickness of the underlying clays varies from a few feet to a hundred 
and more. Sometimes these clays are loaded with scattered pieces of 
ore, fine or coarse ; at others they do not show a trace of ore. Some- 
times the mass of clay is interstratified with layers of rock ore yielding 
richly. 

The rock-ores and pipe-ores, bedded or in packets, under the clays are 
also excessively irregular, and nothing but actual mining can teach us 
the quantities concealed. 

But any one who reads carefully the following descriptions of the ore 
banks taken up in succession, must arrive at the conclusion, that the 
Railway line connecting the ore deposits of Nittany Valley with Western 
Pennsylvania over Tyrone, and with Eastern Pennsylvania over Lewis 
burg, will have within the limits of my map, at its command for freight 
to distant iron works, many millions of tons of prepared ore of the 
choicest character. 

One of the most noticeable features in the iron history of this district 
(and of others similar) has been denials of the existence of any ore just 
where the deposits were proved by subsequent diggings to be most copi- 
ous, and predictions of the speedy exhaustion of ore banks which 
steadily grew in magnitude and richness as the excavations spread. The 
history of Pennsylvania Furnace Bank affords a notable instance, and 
not an isolated one. 

There are not less than 100,000 linear yards of ore belt on my map. If 
the ore were continuous, and only 50 yards wide by 10 deep, we should 
have 50,000,000 cubic yards of ore ground. If only one-tenth of this 
were ore, we have 5,000,000 cubic yards of ore. It only needs to look at 
the number, breadth and depth of the diggings, and their distribution 
on the map, and to remember that none are noted there but the princi- 
pal cuts ; that large spaces of ore belt have for various reasons never 
been explored ; that in some the ore is seen going down to unknown 
depths ; and that in all the banks water has stopped work—to appreciate 
the inadequacy of the above calculation. 


SPECIAL DESCRIPTIONS. 

I postpone further economical considerations to introduce here the data 
upon which what I have written above is founded. The situation and 
character of the principal mines, are given succinctly, but sufficiently in 
detail to permit others to form their own opinions. 





1874. ]} 33 [ Lesley. 


THE PENNINGTON RANGE, 

Cross section A B, fig. 2, shows the ore-bearing limestones at the Pen- 
nington Banks dipping northwest, and the hard limestones in the quarries 
on Logan’s Creek dipping also northwest 23° to 27°, increasing (as we 
descend the creek) to 90°, and in some places overturned; then, rising at 
53°, 54° (S. E. dip), to shoot over the Bald Eagle Mountain. 

Cross section A B shows the same ore-bearing limestones at a point on 
the road to Huntingdon Furnace, a mile and a quarter southeast of the 
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Banks, and on the opposite side of the Ridge, dipping gently southeast, 
and making a strong outcrop of ore ground. 

These are our elements of structure. Taken in connection with those 
of the Little Juniata River section, fig. 1, the geology is evident. There 
is a low anticlinal arch in the Pennington Ridge, and a sharply plicated 
little synclinal trough in the Valley of Logan’s Creek. 
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The Pennington ore rocks descend into and beneath Logan’s Creek 
Valley, at first slowly, then steeply, at last vertically, and before reaching 
the surface again on the other side of the little synclinal, are cut off by 
the great fault, and are sent down by it to a depth of many thousand 
feet beneath Bald Eagle Mountain. 

On section line C D, fig. 3, no such structure appears ; consequently 
the little Logan’s Creek synclinal does not range away northeastward 
along the foot, but cuts across more northward into the flank of Bald 
Eagle Mountain.* 

As for the Pennington Ridge anticlinal, it loses itself in the hill north 
of Warrior Mark Village, and in the great fault further on. Obscure 
dipst of 75° to 80° (N. W.) are seen in calc. sandstone at 500 yards north- 
west of the village, and 80° (N. W.) in blue limestone, at 450 yards 
further up Warrior Run ; but the universal slant in the country, from 
here onwards, is southeast ; all the outcrops beyond or northeastward of 
Warrior Mark Village belong to the southeast side of Pennington Ridge. t 

The Pennington Bank ore range is therefore a short one, whereas the 
mext ore-range to the south of it runs continuously through Warrior 
Mark Village and Love Town for ten miles within the limits of our 
Map. 

The Pennington ore rocks are also of an older age than those of many 
other banks in the Valley, as the sections show. They belong rather to 
the lower than to the middle division of the Great Limestone Formation. 
The Pennsylvania, Hostler, and other banks on the Spruce Creek side 
belong to the middle division. Any constant difference of quality ob- 
servable between the ores is of course to be ascribed principally to this 
fact, viz.: that the ore bearing rocks being deposited in two successive 
ages, and therefore under different conditions, their present dissolubility 
and receptivity (as regards soluble salts of phosphorus, sulphur, &c.), 
have bestowed on them peculiarities of individual character. 

I consider it possibe that the Pennington Range corresponds in age 
with the Bloomfield ore range, in Morrison’s Cove, thirty miles to the 
south. 

The Pennington Range proper consists of a line of outcrops commenc- 
ing about two miles from the Juniata River, and extending two miles to 
the railroad, a mile west of Warrior’s Mark Village. The northwest face 
of Pennington Ridge is covered with wash-ore to a variable depth, below 
which lie sheets, belts, and masses of rock ore, between ribs of still un- 
dissolved siliceous limerock. The more argillaceous lime beds have left 
intercalated sheets of white clay. 

* The Map shows how it swings the mountain a little out of its otherwise straight 


course, and also how Logan’s Creek takes its head just where its synclinal terminates in 
the mountain slope. 


+ The cross cleavage of the rocks near the fault makes the direction and strength of 
these dips doubtful. They look like 30° to 60° (S, E.) 


} As will be abundantly evident to any one travelling along the road from Warrior 
Mark to Love Town. 
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No.1. The Old or East Pennington Bank, supplied Bald Eagle 
Furnace with stock for many years. The ore was hauled about four miles 
over the mountain. It was chiefly got from the large open-cut shown in 
Local Map, fig. 8; but also from underground gangways following the 
ore down the dip (N. W.) beneath a clay covering ; and from shafts sunk 
on that side, tunnels or rooms being driven from the bottoms of the shafts 
irregularly in every direction at the caprice of uneducated miners, who 
groped always in the dark, without correct geological ideas to guide them, 
following what they imagined to be the thickest beds and belts of the 
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best ore, and leaving all the rest to stand and be covered up again by the 
annual tumbling in of their shallow works. Most of these miners were 
Irish laborers paid by the ton. Water invariably stopped them, and 
limited the range of workings to a comparatively narrow belt down hill. 
The great deposits of ore unquestionably lying to the deep (N. W.) are 
unexplored. Neither maps nor notes of the old works exist. 





. . 
Lesley.] 36 {[Jan. 2and Feb. 6, 


Fig. 9 is areduced copy of maps made by Mr. H. V. Bécking, mining 
manager of the Company, to show the position of shafts and direction of 
tunnels executed under his direction, in a more systematic way. 

At the east end of the Old Bank, Mr. Bécking did much sinking on 
lower ground. One old shaft which had been abandoned at the depth 
of 30 feet on account of water, he sunk 30 feet deeper to the sandstone 
floor of the ore, which drained the mine. A cross-cut from this shaft 75 
feet long struck the ore descending (N. W.) but where it was nearly 
level. Galleries were then driven and much ore won in an irregular way. 
But the heavy spring rains of 1857 filled the works to the top of the 
shaft. At this time the large deposit at McAtear’s (West Pennington) 
Bank was discovered. In 1865 a new shaft was sunk, in a dry season, a 
little north of the caved-in works, reaching the bottom of the ore at 45 
feet. The shaft was 60 feet deep, and a steam-pump kept it dry by two 
or three hours work per day. A good vein of ore had been abandoned (on 
account of water) in a smaller open cut, near the last mentioned shaft, 
with only 3 or 4 feet of dirt covering to the ore. 

That the rich deposits of ore in the old open cut pass down northwest - 
ward, in irregular but continuous floors and layers between the clays, 
was proven by galleries driven by Mr. Bécking west from the pump-shaft, 
see fig. 9. He describes these galleries as driven in wavy ore, meeting 
several good bodies of ore. No pillar mining was done, as the sinkings 
were merely tentative. 

In all this no account is made of anything but the better streaks of 
hard lump or rock ore, which alone a small charcoal furnace is willing to 
smelt. Great quantities of saleable ore and wash-ore are ignored. 

My assistant, Mr. Franklin Platt, obtained the following imformation 
on the ground while making his map :— 

Beginning at the Railroad, the first and smaller pit (now filled with 
water) 70 yards long, by 15 wide and 5 deep, yielded about 5000 cubic 
yards of wash-ore, without any solid lump ore. Shaft No. 1, sunk near 
it, (N. W.) is said to have passed through 

1. Top wash-ore 5 feet. 
2. Rich lump-ore, Pe 
3. Clay with little or no ore 
4. Good lump-ore 
the bottom not reported. Shaft No. 2, (W.) had lean wash-ore on top ; 
clay to 40 feet ; good lump-ore thence to bottom at 50 feet. 

The main open cut is 230 yards long, with an average width of 35 
yards, as shown in fig. 8 ; depth from 5 to 8 yards. Wash-ore, sometimes 
lean, forms the wall of the pit, from the surface to an apparent depth of 
15 feet. A shaft midway of the eastern edge, ‘‘struck a layer of ferro- 
manganese ore, 5 feet thick, at a depth of 15 feet.’’ 

Two-thirds of the distance from the southern to the northern end of 
the pit, a massive crop of half decomposed calciferous sandrock charged 
with more or less of ore, juts from the wall, dipping gently northwest. 
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Some of this rock is genuine iron ore; the rest ferriferous or merely 
ferruginous sandrock. The excavated ore lay over, under and around 
this rock, having been freed from other similarly dipping, but more 
ferriferous and more dissoluble strata.* It is a place where the genesis 
of our brown hematites may be studied to advantage. 

Ore was found in some of the shafts to the south-west of the main open 
cut. 

The whole N. E. and 8. W. extent of this uninterrupted expanse of 
wash ore, from the railway track to the shafts last mentioned, is about 
500 yards, and its width, say, 100 yards. A considerable percentage may 
be too lean to wash.+ Estimating the depth of soft and hard ore at 
10 yards, we have 500,000 cubic yards. Rejecting one half for leanness, 
we are safe in supposing 250,000 cubic yards of ore in sight. 
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No. 2. The West Pennington Banks. An interval of half a mile 
separates this open cut from the East Pennington Banks last described. t 
The railroad, curving across a slight hollow in the side of the ridge, 
see local map, fig. 3, approaches within two hundred yards of the north 

* The strike of this rock is across the open cut, here very narrow. The ore of the 
northern end of the cut is therefore above these rocks, and that of the southern portion 
of the cut belongs below these rocks. 


+ The “ black ore,’ which is very rich, is in some places abundant; in other places it 
becomes very thin. 

t Mr. Bocking, speaking of this interval, says that after passing a low place at Me- 
Atear’s, the main body of good ore was discovered in 1857, at the surface, on ground into 
which old pits had been sunk, the miners having previously condemned the whole lccal- 
ity. The very rich deposit then discovered lay higher up the slope of the ridge, and 
had thus been entirely missed 

Mr. Platt remarks: ‘‘ What the original shape of the ore on the face of this ridge was. 
it is now hard to say; but the two Pennington ore deposits are at present separate and 
distinct, not necessarily connected in any way. I presume that the original limits 
embraced them both, and much of the ore lying between them which is now gone.” 

This agrees with what is seen at the Pennsylvania Ore Banks, to be described here- 
after, and it is a strong argument in favor of the wholly outcrop character of these 
brown hematite deposits. On the other hand, the ore has never been properly followed 
to the deep, and the distance in that direction to which the dissolution of the ferriferous 
limestones and the precipitation of peroxide of iron has extended is unknown, 





Lesley. ] 38 [Jan. 2 and Feb. 6, 


wall of the excavation, see fig. 11, which is 180 yards long, by 40 wide on 
an average, and shows nothing but wash ore in its banks. Its very ir- 
regular depth may be called 10 yards ; water standing in the floor. 

This cut was worked to a depth of 40 feet during seven years, and 
yielded richly. The first maps are lost. Mr. Bécking’s underground 
works on the north wall, commenced in 1865, are represented by his 
Local Map, fig. 12, and thus described by him :— 

An old whin shaft was pumped out, and pillars robbed. The galleries 
then caved in, and work stopped. Ore can still be reached from other 
shafts, two of which are timbered. One body of ore lies between the old 
cut and the underground works. It is not very rich, but is ‘‘ good 
natured,’’ and mixes well with more refractory ores. Another body of 
good rich ore remains standing to the deep of the works, and has a heavy 
covering. Another body of very good ore, fifteen feet thick, occupies a 
trough below the level of the pump-shaft, estimated at say 500 tons. 
Shaft 5 has ore around it. Shaft 4 is in a fair vein of rock ore. The 
deposit at shaft 3 is variable, and part of it stands. Old cuts and pits 
show that the deposit runs on southwestward. 

That the ore extends northwards is shown by the late railway cutting 
200 yards north of the open cut (see fig. 10), where ten feet of wash ore 
is seen overlying white and red clays. 

Seventy yards southwest of the main open cut is another, 110 yards 
long, 15 wide, and 8 deep (13,200 cubic yards), nothing now showing but 
wash-ore in the side walls. It was originally much deeper, slides having 
partially filled it. 

Three hundred yards west of the main open cut is the Old Phillips 
Bank, 100 « 30 6 yards (18,000 cabic yards), full of water. It was 
once deep, and drained by a tunnel, the mouth of which is shown on the 
Map (fig. 10), 140 yards from its west end. 

Calling the length of ground occupied by these three open cuts, with 
their imperfect underground workings, 400 yards, and its breadth 100 
yards, and assigning an average depth of ten yards for wash and lump- 
ore, we get an original mass of 400,000 cubic yards, one-half of which 
may be considered rich and accessible enough to work to advantage. 

But it must be considered that this Pennington Range of deposits 
shows a much stronger tendency to develop lean layers and sandy masses 
than the Dry hollow, Red, or Gatesburg Ranges, hereafter to be described. 
Estimates of workable quantities are, therefore, hazardous. We are here 
geologically at the bottom of the limestones, and close on the top of the 
‘*calciferous sand-rock ’’ formation, which accounts for the tendency to 
sand-rock and sandy ore exhibited in these banks. 

Of the old Phillips bank Mr. Bécking says that it holds purplish easy 
smelting ore, mixed with clay, and without discernible regular veins. 
Quantities of wash-ore can be got here ; but dry screening is impractica- 
ble. 

This gives the key to the problem of the future. The near presence of 
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the railway makes systematic mining along this range a very different 
affair from the ‘‘ground hogging’’ of the surface hitherto pursued, un- 
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systematic, wasteful and costly as it of course was. A regular stoping 
of the deposit on a large scale and the washing of all the ore ground 
must yield a profitable revenue. 
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Mr. John W. Harden, an experienced Superintendent of mines, con- 
siders the extensive dry tailings, which cover the slope to the north of 
the cuts, o:pable of being profitably washed, while being got out of the 
way of future open cuts. 

Traditional accounts of such old ore mines as these are to. be credited 
with due caution and large allowances. But they have their value. It is 
of great importance, then, that shafts of over a hundred feet have been 
repeatedly sunk along this range ; for they are proofs that experience has 
justified them ; proofs that bodies of ore had been found lying very deep 
beneath the surface. The open cuts exhibited by the maps (figs. 8 and 10) 
were once very deep and were stopped by water, as has been the case 
with all the ore banks of these valleys. The miners were always driven from 
fine beds of rich rock-ore by the influx of water which they had no ade- 
quate machinery to keep under. We can easily believe it therefore, when 
we are told that in the Old Pennington Bank a floor of massive rock-ore 
from 8 to 16 feet deep underlies 50 feet of a covering, consisting cf wash 
ore and scattered lump ore intercalated between white variegated sandy 
clays ; and that in the West or New Pennington banks the deposit con- 
sists of a surface soil with a little ore 5 to 10 feet thick ; then wash ore in- 
terstratified with layers and masses of white, brown and red tight clays 
and loose sands from 50 to 80 feet, and a floor of red rock ore underlying 
all. 

My own belief is that when pumping machinery of adequate power 
comes to be applied to these deposits, and an approved system of mining 
adopted, many hundred thousand tons of ore will be raised and sent to 
the eastern furnaces at a living profit. 


The southwestward extent of the deposits is unknown. But on the 
southwest of the ravine and hill spur beyond it a pipe-ore and a good 
deal of ‘‘ barren ore’’ mark the continuation of the Pennington outcrop 
through D. Bronstetter’s fields, and then across Gyer’s farm. It is cut 
by a gap ; and then is again visible crossing Weight’s farm, and (on the 
west land line) reaching to the hill-top. Hence to the Juniata it is hard 
to trace ; but becomes visible again west of the river in Sinking Valley. 


%° 


No. 3. Beck Bank (marked “nameless’’ by mistake in the Key 
List on the large map). 

The eastward extent of the Pennington deposit has not been carefully 
explored ; but at the entrance of a R. R. cut, half a mile east of the Old 
Pennington Bank, Huntingdon furnace mined ore 10 years ago. This 
Bank shows 40 205=4000 cubic yards of excavation, with water in 
the floor, and wash ore walls, rather lean in quality and quantity, as now 
visible. 

No. 4. New Town Bank, also called Beck’s (and so designated on 
the large map), lies 13 mile east of Old Pennington Bank, and was 
worked for Bald Eagle furnace, and abandoned for want of pumps to 
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keep down water, ‘‘ good ore being left standing in the floor.’’ Inthe 
woods behind Beck’s and Aul’s fields, north of it, small shafts were 
once sunk on fine sized ore. In Beck’s Bank wash ore is seen in the 
walls, showing rather lean. At present there is not much evidence of 
the presence of a considerable deposit, and no encouragement is felt for 
looking for it. 

The road to Warrior’s Mark Village descends to Warrior’s Run, past 
New Town Bank, which seems to be the remains of a surface deposit 
once covering the flat top of the Pennington Ridge Anticlinal. It is the 
only mine on this southeast dipping outcrop that has ever been opened 
west of Warrior’s Run. But, that the ore belt extends in that direction, 
towards the Juniata, is proved by the heavy outcrop of ore ground, shown 
on the large map and on Cross Section A B, fig. 2, 1} miles due south of 
the Old (east) Pennington Bank. 

The vein of ore pursued by those who worked the New Town Bank is 
described as small and irregular in thickness, and not traced successfully 
downhill and westward ; but much coarse ore covers the ground in Jer. 
Berk’s fields, on which the Furnace had no right to enter ; slight shaft- 
ings showed small veins of ore. Further west also, in Adelberger’s fields, 
some ore was raised ; and outcroppings occur on P. Cooken’s farm. 


WARRIOR’S MARK AND LOVETOWN RANGE. 


From Warrior’s Run, north-eastward we have almost a continuous 
series of shafts and open cuts for a good many miles ; viz: 

Old Town Bank (V) is $ mile east of Warrior Run ; Romberger’s Bank 
VI) 14 miles; Hannah Bank (VII) 13 miles; Waite’s Bank, 2} miles; 
Lloyd Braunstetter’s Bank (IX) 2% miles (with pipe ore outcrops 
to the south of it); Disputed Bank, 4} miles, (X); Hannah Furnace 
Bank, 5 miles; Hannah Furnace and Beck Banks half a mile north of 
the last two, and less than a mile west of Lovetown ; the pipe ore out- 
crops half a mile south of Lovetown ; croppings near the sawmill, 2 
miles east of Lovetown; Hannah Furnace Bank and Bryan Bank, 2% 
miles east of Lovetown, and the Curtin Bank 5 miles east of Lovetown, 
and 11 miles from Warrior’s Run. 

The ores of these Banks, when rich, are black or dark colored, much of 
it of a pitch-like lustre, and often inclining to cold-short in quality. Dr. 
Genth’s analyses in my appendix will give their chemical constitution. 
When lean, they are of a lighter color, brown, or liver colored ; clay pre- 
dominating over sand in the deposit, as compared with the Pennington 
ores proper. Some of them may occupy a slightly higher geological posi- 
tion, being still further removed from the upper layers of the Calciferous 
Sandrock, and lying, therefore, still more in the body of the Trenton 
Group* of Limestones. 

*See sections A B and C D. The Trenton Limestone proper, of the New York 
Geologists is considered to be the top member of the Trenton group. Our ores are far 
below it, and in the lower members of the group, viz. the Chazy, Bird’s Eye and Black 
River Limestones. 
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No. 5. Old Town * Banks, are shown on Local Map, (fig. 13,) ; 
two old open cuts, one on each side of the main road, and groups of 
shafts, principally north of the road. There is a decided ore-show on 
the surface for 470 yards. Opposite the new church, an old shaft reached 
a maximum depth of 110 feet, touching ‘‘a vein of ore.’ (Bécking.) 
Contradictory accounts are now given of this work. Some say, that 
the quantity of ore was enormous, timbers 30 feet} long being used to 
support the chambers, the ore dipping steeply N. W.; and that massive 
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ore stands in the sides and at the bottom of the deserted mine. Others 
say, that the ore mass, 25 feet thick, descended vertically with undimin- 
ished size when the shaft was abandoned. It is may be a deposit in 
one of the ancient caverns or cross fissures of the Limestone Formation. 

Shafts sunk to depths of 30 and 50 feet sometimes went through clays 
without ore. Mr. Bocking sunk one 80 feet deep to find a mass of ore 
said to exist between three old shafts, but found nothing. The surface 


wash ore is sometimes only 2 or 3 feet deep ; in other places 20 feet. No 


* Called Town Bank, on the Local Map. 


+ The rocks of the neighborhood dip 25° to 35° S. E. 
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estimate of quantity is possible with such information. The visible area 
measures about 67,500 square yards.* 
A little pipe ore has been found higher up the hill north of the road. 
Regular and progressive stoping from the south-west, along the belt, 
may produce large results in the future. But the oreless clay of great 
thickness intervening between the surface wash and the deep hard ore 


will make mining expensive. 


No. 6. Rumbarger’s Bank, (Local Map, fig. 14,) is an open cut in 
the south bank of the east branch of Warrior’s Run, the surface of the 
ground only rising 6 feet above the bed of the stream. 

A cross-road separates the excavation into two ; that on the southwest, 
40) 4() 10 yards deep; that on the northeast, 30 « 30> 10 yards 
deep ; 25,000 cubic yards in all. These pits reached a depth of 40 feet, 
wholly in wash-ores and clays, without striking solid limestone. The 
rock ore left in the bottom when the work was drowned out, is reported 
to be less abundant than that found above it. But as the ore streaks 
‘“‘dipped fast to the southeast,’’ and the limestone out-crops of the 
neighborhood dip from 22° to 34° in that same direction, (see Large Map, ) 
good mining will probably yield well. Plenty of good ore has been won 
here, and nothing but the lack of pumping machinery stopped the win- 
ning. Thos. Funk worked the Banks at one time for the Milesburg 
Company. 

The ore belt passes on eastward under Is. Buck’s (now Smith’s) lands, 
where Messrs. Green of Barree raised ore, but took no sufficient means 
for establishing a mine. 

Thence it enters and underlies S$. Hanna’s farm, with its numerous 
ponds and sink holes, full of promise for the future. 

A mine for Bellefonte Lron Works has just been opened (August, 1873, ) 
at a point 300 yards northeast of Rumbarger’s Banks, ‘see Local Map, 
fig 14,) where a very heavy outcrop exists. Every cubic yard is washed 
profitably. The cut is yet only 4 or 5 feet deep. 

As a heavy surface show extends 150 yards beyond Hannah Bank, we 
have here an area of 450 > 50 = 2250 yards of wash ore of undetermined 
depth ; besides the rock ore undoubtedly existing further down. 

Mining and washing will here be cheap, and the railway runs along the 
hillside at a distance of 200 yards, and at an elevation of 35 feet, (fig. 14). 

Further on, the surface show is slight, or wholly wanting,+ until we 
reach the next excavation. 


No. 8. Waite Banks, shown in Local Map, fig. 15, consist of two 
pits, 100 20 < 7%, and 90 x 20 7 26,000 cubic yards, in size, 


* Ore is found in the soil of Petershoff’s farm on the south of the Town Banks. There 
is an old digging on the Hyskel (B. M. Thompson) farm; and further west outcroppings 
on Thom. Gano’s, whose trial pit on a small vein near hisorchard was stopped by water; 
lively outcroppings show in several fields up the slope of Dry Hollow ridge. 

+ A shallow pit % mile from Hannah Bank yielded some ore. The Waite Bank is 
400 yards northeast of this shaft. 
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more than 20 feet depth of good-looking wash ore being seen in the sides, 
and much lump-ore having been won by still deeper shafts in the inter- 
vening ground. The entire ore prism must therefore exceed 150,000 
cubic yards. The Railroad is a mile distant. 


No. 9. Braunstetter’s, or the McGlathery Bank, is situated 
about 1200 yards beyond (N. E. of) the Waite Banks, and the interval 
shows little on the surface; yielded only some lean ore to one or two trial 


Fies. 15, 16. Fries. 18, 19. 
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pits. This Bank, (see Local Map, fig. 18,) is only 30 >< 20 « 10 — 6000 
cubic yards large. It is said to have been worked to a depth of 40 or 50 
feet, but is now fallen in and full of water, and no one seems to know 
much about it. Overlying Limestones crop out 150 yards southeast of 
it, dipping 27° 8. 48° E, 

Further on is the old Disputed Bank, on the high divide, between 
Warrior and Half Moon waters. Here are several small shallow open- 
cuts and shafts in surface ore; but no deep mining has ever beenattempted. 
The ore seems to dip south, and is sandy. The crop traced westward, 
becomes good and plenty on Jos. Bronstetter’s farm, who has never made 
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judicious trials of the deposit, and through the hollow leading to Patton’s 
(now Waite’s) and the Lloyd Bank, above mentioned. 


No. 10. The Lovetown Banks, consist of numerous open-cuts 
and shafts from which large quantities of ore have been extracted 
and extensive preparations are in progress for regular mining of this 
important part of the ore field. The principal outcrop occupies a 
vale watered by a small branch of Half-moon. The old shafts of 
Abram Love were stopped by the influx of water. Pipe ore is visible near 
Love’s' barn. Halfa mile west is an old ‘“‘exhausted’’ Hannah Furnace 
Bank. On the north slope of the ridge west of Love’s, ponds and sink- 
holes abound. Hannah Furnace had a Bank in David Berk’s fields, and 
abandoned a good deposit of ore in its floor, merely on account of water. 
Surrounding shafts were also sunk, but no pumps were ever planted. A 
few hundred yards west of the open-cut, some of these shafts went 
through a pretty good ‘‘top vein’’ into a regular deposit 20 feet beneath 
the surface. Southwest of this other shafts were sunk for the Milesburg 
Company, in Abed. Stevens’ fields, in good rich, sandy, black ore, close 
under the sod, the poorer clay ores lying down on the limestone foot of 
the hill. South of this, John Stine gathered much loose heavy ore from 
his fields, and hauled it to Bald Eagle Furnace, many years ago; but 
no sinkings were done. The outcrop is noticeable in Jos. Bronstetter’s 
lane (leading to Wrye Bank) and in his fields on Cronister’s line. 

The Lovetown Banks are shown on Local Map, fig. 20, occupying two 
vales, descending eastward to the Half Moon Run, at the mill-dam. 

A rib of solid blue limestone strata, dipping 8. 30° E. > 56° to 57°, 
forms a low hill, up the south slope of woich the wash-ore rides on to the 
flat summit. Natural ponds occupy, at points, the beds of the two vales. 

The north line of the Love property commences near the Beck Banks, 
and runs down the northern vale to the corner of the mill-dam. The ore 
has been open-cut at Station 37, 165 yards west of where this line crosses 
the road. This once deeper old cut is now only ten feet deep, showing in its 
walls liver-colored, somewhat lean, wash-ore. West of it is a series of 
shafts for 450 yards, formerly sunk 60 or 80 feet (without timbering) until 
water was reached, and after a little side-drifting, abandoned. Hannah 
Funace ran for some time entirely on the ore got in this primitive fashion 
from these holes. In one of them (St. 39) pipe-ore was found. Nothing 
more is now known of them. They are evidently on a continuation of 
the Beck Bank deposit, the result of decomposition of ore-bearing strata 
underlying the rib of blue limestone at Station 56. 

The rest of the ore on the property belongs to the series of rocks above 
the blue limestone, and to the southern vale. 

The first shafts are sunk near Love’s house. Shaft A struck’ore at 35 
feet ; B, pipe-ore at 35 feet. Ore has recently been found southeast of A, 
on the foot of the opposite hill. 

From Station 44 there extends east and southeast down across the 
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bottom of the vale, and west and southwest along the hill-slopes and hill- 
top, a universal surface deposit of wash-ore. In this area are numerous 
old shafts, pits, and open-cuts, and some new shafts sunk this summer 
and fall. The old works were always abandoned on striking water at 
various depths down to 80 feet, and are now filled up, and no records 
preserved. Much ore was certainly mined from them. 

The new shafts show that from 8 to 15 feet of wash-ore in clay under- 
lies the surface at the depth of a few feet, and that under the yellow and 
white clays there lie separate deposits of ore-lumps, the geographical in- 
tervals being barren. There seems to be no regularity of the ore layers. 

The old shaft at Station 48 is said to have passed through twelve feet 
of surface wash, then (ore-bearing?) clays to a depth of 80 feet, into 
lump-ore, which was mined for several feet, and left in the bottom when 
water stopped the works. The new shaft, only ten yards southwest of 
the old shaft, is down 80 feet, and found no ore in the clays. ‘The ore 
got seems rich and rounded, as if water-worn. 

It may be safe to give twelve feet of wash-ore tothe whole area, under 
which are hard ores, yielding sometimes richly and sometimes nothing. 

The surface ore extends 850 yards along the top of the hill. Most of 
the pits were shallow, but one at Station 59 is said to have been 115 feet 
deep through wash- and lump-ore, with ore left in the bottom. 

The general appearance of the deposit is the same as at the Dry Hollow 
and Wrye Banks.* No regularly interstratified ore is noticeable. No 
estimate of quantity can be relied on. Taking only the area of heavy 
surface show, and calling it 850 300 yards, and the depth twelve feet, 
we have 1,020,000 cubic yards of seemingly good wash stuff, which, at 3 
cubic yards to the ton, gives 340,000 tons. 

To this must be added the very uncertain quantities here and there 
scattered through the under clays. As these have been sometimes locally 
considerable, it is possible that one or two or even three hundred thou- 
sand may thus be obtained. As the principal part of the lump-ore is 
evidently at the bottom of the clays, no knowledge of the quantity can 
be got until systematic mining reveals the truth. 

Wash-ore ground here must be considered as the main reliance for the 
present. Washing here is easy ; abundance of water is struck at 50 or 60 
feet, and there is plenty of room for settling dams. The railroad line, 
adopted for a branch to the main railroad, rises one mile on a 92 feet 
gradient, and descends one mile on a 46 feet gradient. 

The ore has a much more extensive range than that above described, 
for Mr. Fisher has opened three small pits on ore just beyond the north- 
eastern property line ; and the Beck Banks show that it passes south- 
westward into the adjoining properties in that direction also. 

An analysis of Lovetown ore, from the large pit at Station 49, fig. 20, 
made at my instance by Mr. Persifor Frazer, Jr., Professor of Chemistry in 
the University of Pennsylvania, shows a percentage of phosphorus low 


* Hereafter to be described. 
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enough to bring this ore within the limits of safe use in the manufacture 
of iron for the Bessemer process. The specific gravity of the specimens 
was 352. The calculated percentage of metallic iron was 45.36 ; alumina 
16.53 ; silica 6.63 ; lime 0.58; sulphur 0.04 ; and phosphoric acid 0.05. 
Between Lovetown and Stormstown (a distance of 3} miles) no ore is 
visible near Bald Eagle mountain, although considerable quantities of 
ore lie in the fields just northeast of Lovetown ; but on a line parallel 
with the mountain, and about a mile from its base, in a hollow leading 
from one branch to the other of Half Moon Run, a very fine outcrop 


Fies. 21, 22. Fies. 238, 24. 


range of tolerably big pieces of ore, closely covering the surface, runs 
past the sawmill. It leads directly to the two Bryan Banks, and is there- 


fore important. 


No. 11. Lytle’s Bank; No. 12. McKinney’s Bank. These are 
the old Bryan Banks, 2} miles N. E. of Lovetown, as shown at the eastern 
limit of the Large Map, and in Local Map, fig. 22. 

The Lytle Bank was worked a long time ago for Hannah Furnace, and 
measures about 70 « 20 « 10 = 14,000 cubic yards. Very little lump- 
ore is now visible, the walls showing about 25 feet thickness of wash-ore. 
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McKinney's Bank, worked for Pennsylvania Furnace, is much smaller, 
say 25 x 20 « 10 = 5,000 cubic yards, and exhibits the same aspect. 

Shafts sunk between the two excavations on both sides of the road, 
leading south from Stormstown to Gatesburg and Pennsylvania Furnace, 
always struck good ore, dipping to the southeast ; as do the limestone 
outcrops of the neighborhood. We have here a prism of ore deposit at 
least 350 < 100 10 = 350,000 cubic yards in size; probably, after all 
due allowances, quite that many tons of ore. 

The Curtin Bank, a long, narrow open-cut on a prolongation of this 
outcrop, beyond the limits of the map, 2} miles N. E. of the McKinney, 
and the Lamborne Bank, 1} miles further in the same direction, have 
yielded cold short ores, similar in appearance to the Pennington. These 
and other works of less importance show the persistent straightness ,of 
the outcrop of the ore-carrying strata, parallel with the Bald Eagle 
Mountain, at the foot of which flows the east or main branch of Half 
Moon Run, with a limestone ridge* between the Valley of the Run and 
the ore. The Valley of the Run marks, of course, the line of the Great 
Bellefonte Fault. 

At McKinney Bank we are three miles from the railway, where it strikes 
and begins to descend Half Moon Run. The Lovetown Banks require a raii- 
way two miles long, descending the west branch of Half Moon, with a 
grade of 40 feet to the mile, or else a railway across the ridge 1} miles 
long, with gradients 90 feet to the mile, as described. The line of the 
rowl was originally located to Lovetown, and thence down Half Moon ; 
but it was considered more desirable to carry it across the Dry Hollow, 
among the ore-banks to be hereafter mentioned. 

Before returning to these banks and the neighborhood of the railway, 
| will describe a group of banks Jying south of the Lytle and McKinney 
Banks, at the east edge of the map, and on outcrops somewhat higher 
in the Lower Silurian Series. 


Dry Hottow RANGE. 


No. 13. Hannah Furnace Bank No. 2. Two hundred yards east 
of the Gatesburg road is a hole 40 « 20 « 10 = 8,000 cubic yards in 
size, excavated on the broad, flat top of a ridge, as shown in Local Map, 
tig 25. It was long ago abandoned. The ore seems good and abundant, 
15 to 20 feet of wash-ore showing in the side walls, and coming close to 
the surface. All the down-slid stuff may be washed. Massive sandy 
‘limestones, 180 yards N. W. of it, dip S. 30° E. 28 ; 150 yards further 
N. W., massive white sandrocks dip the same. 

No. 14, Bull Banks, half a mile east of the last, and in line with it, 
consist of two exeavations on the south brow of the ridge ; see A and 
B, local map, fig. 27. Much sandy ore was formerly taken out before 
these banks were abandoned, 20 years ago. A—605010—30,000, and 


* This ridge, by an oversight, is not represented on the Map, no surveying having 
been done north of the McKinney Banks. 
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B=80< 40 10=32,000 cubic yards. A shows wash ore in the side, which 
is 30 feet high above the water in the bottom. B shows about 30 feet 
of reddish wash ore, with very little lump ore, from the water to the sur- 
face of the hill. A neighbor who had worked in the pits, reports that 
several feet of deep brown richer ore was found lying everywhere in 
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both banks beneath the mass of reddish leaner ore. All this awaits the 
time of improved mining with pumps and washers. 

Fig. 27 shows other old workings in the same deposit from 600 to 800 
yards to the south-west of A and B. From two of these there have been 
taken about 15,000 cubic yards of wash-ore, which still exhibits itself 20 
feet deep in the walls ; the one furthest to the north-west in fig. 27, has 
been deep, say 40 feet, but now, like all the larger cuts, has standing 
water and mud in its bottom. Numerous shafts, all yielding ore, give 
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‘us data for calculating an ore prism in sight of, say 150>< 200 10 ?=300,- 
000 cubic yards. 


No. 15, Pond Bank, No. 1, worked for Pennsylvania Furnace, lies 
in the hollow at the foot of the ridge, 3 mile south of the Bull Bank, see 
local map, fig. 20. Its honeycombed, rather light, easy smelting ore, 
(mixing well with the more sandy ores of the Bull Bank Hill,) dips also 
south-east, and therefore belongs to a limestone out-crop still higher 
in the series, which is sufficient to account for its different quality. A 
great deal has been removed from this Bank ; but much still remains to 
be won, and water to wash it is abundant. This is included in the prism 
of ore calculated last above. 


No. 16, Red Bank, (Floyd’s Old Bank) at the road side, half a mile 
south-west of the Pond Bank, (see Local Map, fig. 25,) is a cut in the 
same out-crop. The amount of ore is therefore very great; for the con- 
tinuity of the deposits has been fully proven. The red rock-ore (35 or 40 
per cent.) descendsin a solid stratum from 8 to 16 feet thick, at a dip of 
about 25° tothe 8. E. Over this lies a stratum of white clay, 3 feet 
thick, Over this black ore in solid masses and great lumps scattered 
thickly or thinly through several yards of wash ore, to the surface. Some 
of these lumps are 2 feet long by 1} feet thick. 

This Old Gatesburg Bank, as it is sometimes called, was worked 40 
years ago, and has been re-opened now to show its character. 

The red ore was too siliceous, and hard to work in the small cold blast 
charcoal furnaces of the region ; but it will be eagerly sought by modern 
hot blast coke or anthracite furnaces. 

The black ore masses were selected for charcoal cold blast use, having 
50 to 55 per cent. of iron and being fusible ore. 

It is impossible to say how deep these strata descend on their 25° dip 
ina peroxide condition. But allowing only 100 feet, we have in a mile 
of outcrop 150,000 cubic yards of red rock ore; and as the wash ore 
ground holding the black lump ore descends with it, and spreads over 
a belt of surface more than 100 yards wide, there must a be half million 
cubic yards of it at the lowest computation.* 

The old cuts at the elbow of the road west of the two ponds in fig. 27, 
have had about 8000 cubic yards excavated and are now filled with water 
to within 10 feet of the urface, showing that much wash ore without 
lumps. The two larger cuts 150 yards north-west of them, measure about 


* I have described above only what I saw. Mr. Platt was informed that under 12 feet 
of clay holding black lump ore, lay 4 feet of white clay without ore, under which lay 14 
feet of red rock ore in red clay, and ore was still underfoot. I give this report for what 
it is worth. 

Mr. Bocking speaks of red rock ore only 6 feet thick, ‘“‘and another fair layer in the 
clays above, all workable ; red ore not very rich ; silicious, but with visible sand ; rich 
black ore in the top vein, [the word he always uses for a stratum of ore] ; on the whole, 
proper for coke furnace use; mining requiring pumps ; deep workings at hand; an im- 
portant locality.” 
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15,000 cubic yards, with 21 to 25 feet of wash and lump ore in the walls ; 
abandoned 20 years ayo. 


No. 17. California Bank, 200 yards west of the Red Bank, and on the 
same slope and outcrop (see Local Map, fig. 25, (received its name from 


Fic. 27. 


Oo d 
J hafts ‘ @ Natural pon 
°} 


Surveyed by Frank:Flatt 


the richness of its ore, before it was abandohed 20 or 25 years ago, on ac- 
count of its distance from Pennsylvania furnace, the abundance of 
water and lack of pumping apparatus, the refractory quality of its 
mineral in the cold blast charcoal stack, and especially the abundance of 
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good ore at the Furnace itself. Pits of standing water show 20 feet of 
wash ore in their walls. 

This completes my sketch of this ‘‘dry hollow’’ outcrop east of Half 
Moon Run. It is a dry hollow because the whole limestone underground is 
cavernous, and water springs up abundantly in every excavation, but 
does not flow over the surface. This is a prime factor in the problem of 
he genesis of these ores, and must be taken into consideration in all 
speculations respecting the depths to which the brown hematite ores 
descend in a minable form. 

The outcrop belt of surface wash ore and regular rock ores in which 
the Hannah Furnace, Bull, Pond, Red and California Banks are excavated, 
passes on north-eastward into the untried wilderness of the Barrens, 
where we find upon it the Floyd Bank, an open cut on highland ; ore 
very sandy for charcoal furnace use, but good and abundant for hot blast 
coke or anthracite; and good charcoal ore could be selected from it 
still. 


, 


No. 18. Reider’s Bank, half mile east of Gatesburg, is a small sur- 
face opening of 30205 — 3000 cubic yards extent. On trial at Cen- 
tre and Hannah Furnaces it was refused. The surface of the broad 
low hill north of the village is a sheet of wash ore. The roads north to 
Stormstown and west to Warrior Mark expose ore ground at the surface, 
on the slopes of the dry hollow in which the village stands, and to the 
north and south of the village. The old opening on the roadside 250 
yards south of the village, is entirely filled up. Considerable quantities 
of very rich lump ore were taken out here many years ago, mostly from 
underground galleries. Much ore ground occupies the surface for more 
than 100 yards north-eastward. Limestone crops out 300 yards west 
of it dipping 8. 30° E. > 20°, and 300 yards north of it dipping 8. 30°E 

-18°.* 


No. 19, Whorrel Bank, (see Local Map, fig. 17,) is a continuation 
south-west across Half Moon Run of the Gatesburg outcrop, which is here 
nearly 500 yards broad. The open cut on the north side of the Gates- 
burg road is about 40135 — 2600 cubic yards ; that on the south side 
30203 — 1800 cubic yards. Both have standing water in the bottom, 
and wash ore in the walls, while very heavy outcrops appear along the 
road, as well as along the cross-road leading up the ridge north to Love- 
town, beyond which an old shaft has struck the underlying sand 
rocks. 

The double excavation in fig. 10, 110407 — 30,800 cubic yards large, 
is separated by a stratum of limestone dipping S. 30°E., >26°, (one expo- 
sure looking like >50°,) the ore underlying, overlying and surrounding 
one end of it. The wash ore in the sidewalls does not look rich. It is 
reported that these holes were dry 40 feet deep and yielded good ore. 


* The horizon of this and the Whorrel bank is still higher in the series than the last, 
as Section C D (fig. 3) will make evident. 
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No. 20. Pond Bank, No. 2. is a small excavation 35 «105 = 1750 
cubic yards, at the head of the hollow, or rather on the divide where the 


south branch of the long Dry Hollow proper begins to descend towards 
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only 400 yards distant. 
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Warrior's Run ; and along side of one of the summit cuts of the railroad. 
Good wash and lump ore show in the walls. No sandy ore is seen. The 
R. R.cut shows 10 feet of wash ore for a length of 100 yards. Altogether 
we have here say, 40,000 cubic yards of ore in sight. 


No. 21. Wrye Bank. The local map, fig. 23, shows this extensive group 
of shafts commencing 450 yards northwest of the railway track, at an eleva- 
tion of 40 feet above it, and continuing along the road up the slope to an 
elevation of 100 feet above the R. R., a distance of 400 yards. Over most 
of this surface the show amounts to little, proving how little we can rely on 
the surface indications as negative testimony. For, these works were ex- 
tensively driven from 1852 to 1857, and yielded some very rich ore, while 
the surface showed only poor sandy ore. 

There is one open cut, 25> 20> 10—5,000 cubic yards large, showing wash 
ore in the walls from top to bottom, none of it rich, decidedly sandy, holding 
ironstained calc. sandstone masses, as at the east Pennington Banks. Very 
good open ore, bluish, and heavily charged with manganese occupied the 
west end of this open cut (Bocking). An old miner reports, that in the 
shafts they went through 26 feet of pretty worthless loose stuff and then 
worked 18 feet of good lump ore, without getting through ; that the shafts 
up the hill were dry ; those lower down quickly filled with water, and were 
therefore abandoned, one after the other, before they could get out more 
than 10 or 12 feet of lump ore. What the charcoal furnace miners called 
worthless is now valuable for hot blast, especially anthracite furnaces, and 
the whole of this great deposit will be washed and sold. The breadth of the 
belt of shafted ground is about 100 yards, but must be considered as in- 
definitely greater along the strike. 

I am informed that in these old diggings the body of ore sank to 50 
feet beneath the surface and thinned away, but came in thick again lower 
down, and approached the surface. Two good pillars are known to be 
left standing in the old works, under a top covering of sand, one at the 
lower end, the other at the upper end of the works. In the last, solid 
rich rock ore lies 45 feet beneath the surface. All the shafts are now 
caved in. The ore layers were traced for several hundred yards east- 
ward by trial shafts. 

The appearance of this ore differs from that of the Pond Bank No. 2 so 
much that we should suspect them to belong to a different geological hori- 
zon. This suspicion is almost confirmed by the general southeast dip of 
the outcropping rocks here and there exposed at the surface. This import- 
ant structural question is clearly expressed by my Section C D (fig. 3), 
which passes through these banks. It is quite certain that the rocks which 
on dissolution delivered these ores, are the mother rocks also of the Kerr 
and Bredin, Hostler and Pennsylvania Furnace ores to be described here- 
after. The great breadth of the Dry Hollow Outcrop belt corresponds 
with that of the localities just named, and I think it pretty evident that 
we have here two horizons of Lower Silurian ore-bearing limestones 
close together. 

The old Sandy Bank is a group of small shallow pits, in very sandy 
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surface ore, but rich and good when washed, on the hill slope a few 
hundred yards northeast of the Wrye Bank, showing the continuation of 
the outcrop in the direction of Half Moon Run. 

In the other direction, the outcrop has been expluited at the old Pond 
Bank of Bald Eagle Furnace, 500 yards southwest of Wrye Bank, and 
nearly in the bottom of the vale, which deepens rapidly.* It lies close to 
the foot of Hickory ridge; ore light but good, not sandy, and easy to 
smelt. A pond, dry in dry seasons, covers some of the old diggings. 
Much surface ore covers the neighborhood, and it will hereafter be an im- 
portant mining ground, with heavy clay cover to the ore, requiring hard 
pumping. 

Top ore of large size abounds around a sink-hole in Isaac Gano’s fields, 
on the north slope of Hickory Ridge, a mile 8. W. of the pond. The 
pieces seemed rolled from an outcrop of good ore seen half-way up the 
hill, in the Huntingdon Furnace woods. 


At Simpson’s Bank (? mile further west) the wash-ore is good and 
easy tosmelt. Whereas at Andrew’s Bank, adjoining, (the Warrior’s 
Mark and Pennsylvania Furnace Road separating them, ) sandy ore only 
has been taken from the open cuts, but no shafting done. 

Jos. Krider’s fields are covered with very rich scattered pieces of ore, 
some lumps weighing 400 pounds. Attempts to find a bed at a little gap 
near by, have failed thus far. The shafts were tried in thick woods ; 
others were too low on the hill slope, and encountered only wash ore. 
There is undoubtedly a heavy rock-ore deposit somewhere. Similar 
shows are again seen half a mile further on (west) opposite the old wash- 
machine, and Huntingdon Furnace has picked off the surface much of 
this loose block-ore. A small layer was found in two or three shafts, but 
never followed up to see what would come of it. 


No. 22. Dixon’s Banks are only a few small holes, fallen shut, with 
a slight sandy ore surface show, 100 yards west of the road, where it 
crosses the head of the middle branch of the Dry Hollow. Here ‘‘a 
small irregular vein yielded good ore a little west of it, on a detached 
knoll, a thicker vein of poorer, flinty ore was found, at the edge of a 
pond, and was thought not to pay for pumping, to get for charcoal fur- 
nace use.+ 

* This and the following named Banks are not exhibited on the Large Map, because 
not accurately located. Their descriptions I got from Mr. Bicking’s notes. 

+ Mr. Bocking thinks he remembers that this vein had a decided northern pitch, 
and distinguishes it thus from all the other veins of this range. This must be either a 
mistake or a mere local accident. Mr. Platt’s field notes also mark a doubtful 
N. 30° W. 34° dip of the limestones in the through-cut 240 yards northwest of Railroad 
section stake 81-80. But 100 yards N. E. of the same stake, soft rotten limestone strata dip 
S. 30° E, 20°. Other Railroad exposures show thatthe S. E. dip dominates the struc- 
ture. Thus at Railroad station 4145, is a thorough-cut in blue limestone, dipping S. 30° 
E. 34° with regular cleavage planes N. 60° W. > 70°; at 4151, a good exposure of 
limestone gives S. 30° E. > 26°. In Railroad cut at 4164, sandy and blue limestones the 
layers seem to dipS. 60° E. > 31°; inthe cut 180 yards S. W. of Railroad 4180 hard, sandy 
limestones dip S. 45° to 50° E. > 26° 
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The old Kelsey Bank yielded much good ore, years ago, in funnel 
shaped pockets, not continuous. 


No. 23. Little Dry Hollow Banks (see Local Map, fig. 14) are near 
the crest of the low hill dividing the middle from the north branch of the 
Dry Hollow. No. 1, 1s a small hole on a small outcrop reported to have 
yielded six to eight feet of sandy lump-ore, soon running out No. 2 
consists of a group of small pits and trial shafts on a slight outcrop. 
Some ore was got from shafts A, B, and C. The appearances here are 
not favorable for future mining prospects.* 


No. 24. The Dry Hollow Banks are the central figure in the 
broad expanse of outcrop which seems to fill the hollow and its three 
head branches, and to cover the dividing slopes, in many places if not 
continuously, north of the Railway. They are shown in map, fig. 29. 


In the south-east corner of this map, the railroad curve ought to have 
been designated, the distance of the track from the principal excava- 
tion A, being less than 400 yards. 

The cut on the south side of the township road is pictured by Mr. 
Harden, in fig. 28; that on the north of the road in fig. 30; and the 
road itself in fig. 31; the wash-ore in the R. R. cutting at the curve, 
south of the banks, is shown in fig. 32. 


The Dry Hollow Bank, } mile north of the R. R., 24 miles E. of 


* Mr. Bécking reported some years ago that these works merely won small veins and 
top ore, while the body of ore is undoubtedly left under the little ponds, &c., at the foot 
of the hill. Good ore used to be raised from the Little Dry Hollow Bank, but efforts to 
** recover the vein " some few years aro failed, although the ore here rides to the top of 
the hill, where it is pipe-ore (as it also is pipe-ore on the northern side of the hill). 
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Warrior’s Mark Village, is an extensive system of open cut excavations, 
from which great quantities of excellent ore have been got in past times. 
The term ‘‘ system” is however inapplicable to the process of mining 
here employed, for it resembles rather the burrowing of animals. No 


Fie. 30. 


Port ¢ Dry Hollow Bank . Seuth side of Rood. 


one can estimate how much of the precious ore has been left. untouched, 
for there are neither maps, nor records, nor traditions of the work. 

The old miners merely say that the ore runs out against a bank of clay. 
But such reports are good for nothing ; and even if literally true teach 


Fig. 31. 


Read te Worries Mors Urreugh Dry Hetlew Yoonk. 


nothing, for they are sure to relate to single points, and fail of applica- 
tion at others. Fifteen years or so ago, some of the old pillars of ore 
were taken out by sinking shafts and driving short galleries at a few 
points. The ore is mostly wash-ore, that is fine ore disseminated through 
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clay. The dip is southward (towards the great central synclinal) and 
deep workings and powerful pumps are needed, in future, south of the 
old shallow surface workings. 

From Dry Hollow Summit Cut for the Railroad to the first shafts, a dis- 
tance of about 400 yards, there is a decided outcrop. The shafts extend 
over 200 yards to the edge of the big open cut A, fig. 29. They seem to 
have gone down* through wash and lump ore 60 feet to water, which in 
all cases stopped the works. The lumps alone were carried to the fur- 
nace. The wash-ore was not valued then ; now it ismerchantable. The 
sinking was done at random and ore was always got. 


Mr. Platt’s estimates on the ground are as follows : 


110x40«10 = 44,000 

50X15 8 6,000 | 76,000 
50x15 6 4,550 | cubic 

60> 25> 10 15,000 { yards of 
50«10 5 2,500 | excavation 
100“ 10% 4 4,003) done. 


The main bank A, shows wash-ore of very variable richness from top 
to bottom, 50 feet. The shafts at B are reported 60 to 70 feet deep, through 
wash andlumpore. From shaft C, onthe roadside, 60 feet deep, 1600 tons 
of excellent lump ore alone was selected for use. 

About 309 yards north-east of the Banks, the railroad line has exposed 
a mass of lump and wash ore of excellent quality. 

The Old Red Bank of Bald Eagle Furnace is on a continuation of the 
Dry Hollow deposit south-west, but higher up the hillside. It is shown 
in local map, fig. 19. Mining was confined to the surface ore which was 
sandy and without ‘ regular veins ;’ but no one knows how the deposit 
of ore is to the deep. 

The surface show between the Dry Hollow Banks and the Red Bank is 
not so heavy as where the old excavations were made ; but the deposit 
underneath is really continuous and unbroken, as is shown by the cut- 
tings through the ridge made by the railway between the two localities. 
See fig. 19. 

Here wash ore has been exposed for 100 to 125 yards along the track ; 
sometimes 10 feet thick resting on clay ; sometimes 20 to 25 feet of wash 
ore holding larger lumps. The varying thickness of the red clay and ore 
layers in this cut is an instructive example of what the miners found in 
their shafts. Some of the lumps weigh 300 to 400 lbs. Very few pieces 
of silex appear ; and on the whole, this deposit looks freer from silica 
than any in the valley. Little or no soil covering exists. 

The Red Bank pits and shafts are very numerous, and all shallow. The 
ore when smelted alone, at Bald Eagle Furnace, made first class iron. 

From the south-west end of the Red Bank to the north-east end of the 
Dry Hollow Bank is about 1000 yards. The breadth is 200 (say 150) 


*25 years ago, more or less, 
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yards. The worked depth {to water) varies from 20 feet at Red Bank to 

100 feet at Dry Hollow Bank. Taking anaverage of 10 yards, we have 1000 

150 10—1,500,000 cubic yards of wash and lump ore. Discard one- 

half of the leaner interval between, and allow one ton to the yard in con- 

sideration of the size and quantity of lump ore, and we have 750,000 tons. 
Fie. 32. 


In our ignorance of the condition of things where the water stopped the 
old fashioned rude mining, it is impossible to say how near this estimate 
approximates accuracy. 

No. 25, Bean Bank lies a mile to the 8. West of the Dry Hollow 
Bank, where many tons of surface lump ore were scratched out and 
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sent to Huntingdon Furnace ; as was done in other places along this 
part of the range on the South Slope of Dry Hollow Ridge. No atten- 
tion was paid to the great body of wash ore forming the deposit, and no 
effort to mine to the deep. A vast body of ore ground awaits future ex- 
ploration and excavation, within a mile of the railroad. Quartz occurs 
in this ore bank. 


No. 26, Bressler Bank, (see fig. 16) is a collection of small holes, 
on the north-west side of the ridge, in a ravine descending to the east 
branch of Warrior’s Run, and distant from the railway, half a mile. 
About 2500 cubic yards of excavation seems to have been made in past 
years. The pits are fallen in, showing sandy wash ore in their sides. 
Eight feet of lump ore is reported as mined in this locality. No geo- 
logical indications of the structure appear. 

This completes all I have to say here of the Dry Hollow outcrop. For, 
although ore has been found further south-west along the south side of 
the ridge towards Warrior’s Run, no mining has been done ; and the Old 
Seat Bank, (No. 37,) is so out of line with the Banks above: described, 
that it may be left for notice in connection with the ores west of Warrior’s 
Run. But I shall describe, further on, the continuation of this range 
where it crosses Warrior’s Mark Run and at the Huntingdon Furnace 
and Dorsey Banks. 

I pass over, therefore, to the Cale Hollow (Kerr & Bredin, Hostler and 
Pipe-ore) Banks further south-east. 


Tae CaLE Hotitow RaAna@e. 


Cale Hollow is divided from Dry Hollow by Hickory Ridge, as shown 
in the Large Map ; and its ores lie in a deeper and narrower syuclinal 
than the ores in the gentle and wide synclinal of the Dry Hollow as shown 
by section CD. They are, however, ores once carried by the same lime- 
stone strata, and ought therefore to be of the same general character. It 
is therefore remarkable that so little pipe ore has been found in Dry 
Hollow, while an abundance of pipe ore characterises the Cale Hollow 
Banks. 


No. 27. Kerr & Bredin Bank, (see local map, fig. 24, and wood 
cuts 33, 34, 35,) is a small excavation of about 5000 cubic yards, show- 
ing in its walls lump and wash ore, 25 feet deep. Much of the wash ore 
seems leaner than in other Banks. A shaft has been sunk for explora- 
tion in the bottom of the old cut, and the report of it is favorable to future 
mining on a systematic scale. (See wood cut, fig. 35.) 


The ore from this bank won for itself a high reputation at the furnace. 
It was called ‘‘ gun metal ore,” and was said to beara striking resem- 
blance to the Bloomfield ore of Morrison’s Cove, south of Holidaysburg in 
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Blair Co., from which was made by preference the ordnance of the U. 
S. Army during the civil war 
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Dr.Genth’s analysis of the Kerr & Bredin ore, given below, when com- 
pared with Dr. Otto Wuth’s analysis of Bloomfield ore, made June 9, 
1871, compare as follows : 
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Kerr & Bredin. Bloomfield. 
Ferric Oxide 70.67 Perox. Iron 78.63 
Manganese Oxide Manganese 0.29 
Cobaltic Oxide trace ae 
Alumina 2.50 
Magnesia , 0.38 
Lime 0.34 
Phosphoric Acid q 0.134 
Silicic Acid 5. 7.02 
INE, oc Grkes dvccveteeouseee 6.80 Ss 
Water 12.33 10.71 


The extra quartz determined by Dr. Genth, diminishes the percentage 
of iron oxide in his specimens, and reduces the percentage of iron from 
55.04 (Wuth) to 49.47 (Genth). Otherwise the ores are strikingly alike. 


The Kerr & Bredin Bank lies at the foot of the south slope uf Hick- 
ory Ridge, one mile W. N. W., of the Hostler Bank. Ina dry autumn 
Mr. Bocking was directed to sink south of the old cut, and to mount 
a pump. He reported a 12 inch ‘vein of ore’’ at 40 feet, and water 
at 44 feet. A tunnel-way was commenced in the direction of the old 
cut, which caved in, and the works were stopped. 


The continuation of these ores along the foot of Hickory Ridge, on the 
north side of Cale Hollow, is proven by a range of “lively outcroppings.”’ 
In some places the surface is sufficiently rich wash-ore. One or two pits 

Bronstetter’s) were worked, for Huntingdon Furnace, 14 miles west of 
the Kerr & Bredin Bank, in “‘ an irregular vein.”’ 

Northeastward the ores continue to show themselves to Half-moon 

tun, where ‘‘ pipe-ore’’ is marked upon the large map. See Little Bank, 
below. 

From a small cut at Eyer's, on the east side of Half-Moon Run, 
pipe-ore was raised many years ago. The limestone rocks at Eyer’s 
house, 100 yards south of the spot, dip to the 8. 30°, E. > 21 

Another-old pipe-ore locality shows now fair ore on the surface, near 
two small trial pits. 


No. 28. Hostler Bank (see local map, fig. 26, and wood-cut fig. 36). 

This excavation occupies the northern slope of the Spruce Creek anti- 
clinal ridge, as a large open cut, from which the ore was in old times 
hauled to Pennsylvania Furnace, two miles due east of it. 

The recorded history of this important mine reveals the following fea- 
tures. Wherever the diggings were made they went down through 
**pipe’’ wash-ore which was occasionally mixed with lump-ore, to depths 
of 60 and 65 feet, in all the shafts. 

One of these shafts passed through this wash-ore 65 feet, and then 
passed through a stratum of solid limerock, varying in thickness from 10 
inches to 2 feet. Below this limestone lay lump ‘‘ pipe’’ ore, into which 
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the shaft was sunk 6 feet further and then the flow of water stopped its 


further descent. 
From the bottom of the shaft a five inch auger hule was then drilled 


through a continuous bed of pipe ore to an additional depth of 39 feet. 


Fie. 34. 
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The percentage of iron in the pipe ore is uniform ; or varied only by 
the chemist’s including in his analysis adherent or enclosed clay. 

It is a constant feature of the Pipe ore banks of the southern range 
that they do not furnish the ‘‘ lean ores,’’ so-called, which are met with 


A. P. 8.— VOL. XIV. I 
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in the Banks opened along the more northerly and geologically lower 
outcrops of the ‘‘ Barrens ”’ in this valley. It has been the uniform ex- 
perience at the Pennsylvania, Hostler, and other Pipe ore banks that 
shafts and borings have always passed through lump-ore, after having 
been sunk or drilled below water level. But as pumping apparatus on a 
sufficient scale has never been applied to such deep shafts and borings, they 
have in no case passed through the deposit of lump ore, the thickness of 
which i- therefore still a matter of conjecture. 


I give the history of these operations as an evidence of the insufficient 
extent to which the development of this iron-ore district has been car- 
ried; to show that only its surface has been scratched, but its deposits 
not mined. Regular, systematic, efficient operations are yet to be begun. 
They await the completion of the railroad and that demand for large 
quantities of ore from distant furnaces which is already become so urgent. 
The underground drainage all through the Valley is immense, and the 
largest bodies of ore, and especially of pipe-ore, can only be won with 
heavy pumping and systematic stoping. 


The Hostler open-cut Bank must be sunk in air to the lower ores, and 
through them to the bottom floor of all; then’ with powerful pumps to 
keep the water down, the clay stripping above can be washed, and the 
heavy face of ore below can be stoped and the top stuff thrown back into 
the abandoned ground as the ore-face advances.. As Mr. Bocking justly 
remarks, ‘'35 {tet of ore will well pay for stripping 65 to 75 feet” of 
clays above it. He adds, and I agree with him heartily: ‘‘ The time for 
shallow digging and ground-hogging is pretty well past in these barrens, 
and the exploration of the richer banks may require in future prepara- 
tions that will take some capital, and may need in some cases two or 
more years before yielding a return.”’ 

The Hostler Bank excavations measure about 120 « 50 « 10 60,000 
cubic yards. The ore lies like that to be described in Pennsylvania Fur- 
nace Banks, as a mass of clay and wash-ore separated by ribs of un- 
decomposed limestone. The walls are about 30 feet high, but the high 
northwest dip of the measures prevents this figure from being used as a 
datum of calculation. It only shows in a general way the depth below 
the sod to which the weathering action had gone, as exposed by the miners. 
The late sunk shafts passed alternate soft beds of ore and hard ribs of 
limestone, all on a steep dip; 38° to the N. 35° W. Inashaft at the 
northwest end of the open cut one shaft went down through 75 feet of 
ewash-ore ground before striking the solid limestone rocks and water. 


It is impossible from such data to estimate the future yield at this 
locality, but the amount of ore to be won must be very great. Nor is it 
confined to the neighborhood of the old works. The ore-belt runs on 
southwestward for at least five miles. 
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At the distance of 1,900 feet there are somewhat less than twenty old 
shafts in one group, quite forgotten until recently discovered by Mr. 
George Lyon. They were mostly shallow pits in the surface of the pipe- 
ore bearing clays ; but some of them look as if they had been sunk to 
a considerab!e depth ; and their number proves that the search for ore 
was remunerative even at that day. 

This part of Cale Hollow is a wide, ‘flat, slightly undulating, dry vale, 
every part of which shows a top-dressing of fine ore. It is a virgin 
district. Mr. Lyon sunk one trial-shaft in it, and struck an ‘‘ore- 
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vein.”’ There was a similar accidental discovery of another group of 
five or six pits from which some top-ore had been scraped. I have no 
doubt that a continuous belt of mining ground runs the entire length of 
Cale Hollow. 

The Red Bank, 13 miles from the Hostler, on the same slope of the 
Spruce Creek Ridge, is old and disused, the ore in the top clays was 
stripped, but no attempt at deep mining was made. Another old bank 
in line with it, but across a little ravine issuing from the ridge, furnished 
some pipe-ore to Huntingdon Furnace. Still further west,* in a similarly 


* 4\¢ miles from Hostler Bank 
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situated bank, near Huntingdon Furnace, a vein of good, red-short ore 
was struck, and abandoned on account of water. On working one part 
of this pit the ore became too sulphureous to use. It will be again re- 
ferred to after describing Bank No, 29. 

The belt of Cale Hollow Ores may be traced northeastward with the 
same general character. 

Little Bank, for instance, lies two-thirds of a mile northeast (near 
the Warrior Mark Pennsylvania Furnace Road), 13 miles west of Penn- 
sylvania Furnace. Here very rich top-washings cover a high flat 
area connected with Hickory Ridge. Seams of the ore penetrated the 
limestone rocks all the way down a 40 feet shaft, under which the main 
body of ore dips northward. 


The Eyer Bank (already mentioned) is an old excavation one mile 
still further east, on the east side of Half-Moon Run. 

Going on northeastward across a dividing ridge, the ore appears again 
along Tadpole Run, in Sleepy Hollow, and at the head of the Beaver- 
dams, for a distance of more thana mile. Years ago, some pipe-ore was 
raised, for Centre Furnace, east of B. Crane’s, but the surface was merely 
scratched. At the Pennsylvania Furnace old surface-pits, sunk at the 
beaver-dams, the body of ore probably lies under the bed of the run and 
would require heavy pumping. 

The ‘dry hollow’’ which carries the Valley of Tadpole Run on ina 
straight line northeastward, and is a geological prolongation of Cale 
Hollow shows plenty of out-croppings of ore, just as Cale Hollow 
does, and the ore is of the same kind—pipe-ore. In fact the ore 
belt continues to McAllister’s and the School House cross-roads, eight 
miles northeast of the Hostler Bank, and far beyond the limits of my 
large map. 

Between McAllister’s and Pinegrove Mills, the country spreads out into 
a plateau two or three miles wide, through which runs the Brush Valley 
Anticlinal. Here, far beyond the east limit of my map, are the 

Old Weaver Banks; two open-cuts and several shafts near 
them, abandoned years ago. No systematic mining was attempted in 
that early day, the work being done by the farmers. Tradition speaks 
of ‘‘ore veins’’ being reached, but probably too well watered for the 
natives to cope with them. ‘‘The ore lying around the holes is not a 
regular pipe-ore, but is mixed with liver-colored ore, and reported red- 
short.’’ We have here, then, ores not belonging to the Hostler and Penn- 
sylvania Pipe-Ore Bauk system connected with the sandstones of the 
anticlinal, that is, ores belonging to the underlying limestone, 


SPRUCE CREEK RANGE. 


No. 29, Pennsylvania Furnace Ore Bank. For about fifty-eight 
(58) years Pennsylvania Furnace has been supplied with its stock from 
the extensive excavations on the gently-sloping south side of the anti- 
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clinal ridge facing Tussey Mountain ; Spruce Creek, above the Furnace, 
flowing between the ridge and the mountain. 

See local map, fig. 37, in lieu of further description ; and the landscape 
sketches of the excavations, to illustrate their extent and character : fig- 
ures 39, 40, 41, 42, 48. 

The geologist can here study the theory of the formation of the Lower 
Silurian Brown-Hematite ores of Pennsylvania to great advantage. I 
know no better place, and few so good. 

The ores are evidently not washings from a distance ; neither from Tus- 
sey Mountain, nor from the present surface of the anticlinal ridge ; nor 
from any formerly existing surface in past geological ages, when the sur- 
face stood at a much higher elevation above sea level. They are evi- 
dently and visibly interstratified with the soft clay and solid limestone 


Fia. 36. 


layers, and obey the strike and dip of the country ; the strike being along 
the valley, and the dip about 49° towards the southeast. 

Thousands of minor irregularities prevail; the streaks of ore and 
masses of clay, are wrinkled and bunched, and thin out and thicken 
again in various directions. But all this irregularity is owing to the 
chemical changes of the strata, and to the changes in bulk of the differ- 
ent layers during the protracted process of solution and dissolution, during 
which the looser calciferous and ferriferous sandstone layers have lost their 
lime constituent, packed their sand and clay more solidly, and perhydrated 
their iron. In this long process cleavage-planes have been widened into 
crevices ; caverns have been excavated ; pools or vats have been created ; 
precipitates of massive (rock and pipe) ore have been thrown down ; and 
a general creeping and wrinkling of the country been effected. But the 
original general arrangement or stratification has been preserved ; and 
those portions of the whole formation, which had but little lime, have 
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been left standing as sandstone strata; while others having but little 
sand remain as solid and massive limestone strata ; those which had an 
excess of alumina are now in the condition of streaks, masses, or layers 
of white or mottled clays ; and only such as were properly constituted 
clay-sand-lime-iron deposits originally have so completely dissolved as to 
permit the lime to flow off, and the iron to consolidate into ore. 

Every stage of this interesting operation, and every phase which it 
presents in other parts of the Appalachian belt of the United States, from 
Canada to Alabama, may be seen and studied in these old and extensive 
ore banks of Pennsylvania Furnace. 


At first sight of the bank the ore deposit looks as if it were a grand wash 
or swash of mingled clay and fine and coarse ore grains and balls, occupying 
hollows, caverns and crevices in the surface of the earth and between the 
solid limestone rock ; and some of it undoubtedly has been thus carried 
down into the enlarged cleavage partings of the limestones ; and into sink 
holes and caverns formed by water courses ; where it now lies, or lay when 
excavated, banked up against walls or faces of the undecomposed lime 
rocks. But as a whole the ore streaks and ‘‘main vein’’ of ore must oc- 
cupy nearly the same position originally occupied by the more ferrugin- 
ous strata after they had got their dip and strike. See fig. 40. 

The ore is taken out with the clay, and hauled up an incline, by means 
of a stationary steam engine at its head, and dumped into a large wash- 
ing machine, with revolving screens ; whence after the flints and sand 
stones have been picked out, it is carried on an ironed tramway, to the 
bridge house of the Furnace. See fig. 43. 

The ore forms from 10 to 50 per cent. of the mass excavated, and the 
small amount of handling makes the ore cheap. 

The floor of the excavation is about sixty (60) feet below the level of 
the wash machine. 

Shafts sunk from 380 to 35 feet deeper, in the floor, to a permanent 
water level, have shown that other and even better ore deposits underlie 
the workings, covered by the slanting undecomposed lime rocks. This 
is an additional demonstration of the correctness of the theory above 
stated. 

The upper ores will furnish stock for yet many years. After that, orin 
case more furnaces be erected, or distant markets call for the shipment 
of ore by railway, deep shafts or bore holes must be sunk to drain the un- 
derground, and the lower ores may then be lifted to an extent which can 
hardly be estimated now. 

The prism of ore in sight, technically speaking, if calculated roughly 
from the areas exposed by the old and new open cuts, and by shafts sunk 
at various times and in various parts of the floor, gives several millions 
of wash-ore, lump-ore and pipe or rock ore. Thus taking the area exposed 
at say 550 450 yards, and the depth at only 15 yards, we have 3,612,500 
eubic yards, which on washing would yield 602,000 tons of prepared ore. 
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Of this, about 100,000 tons have been passed through the furnace, yield- 
ing nearly 50,000 tons of neutral cold blast charcoal iron of the best 
quality, leaving 500,000 tons of ore to be excavated. 

But this is only a portion of the deposit; for the ore ranges away 
beyond the high walls of the open cuts into thé surrounding laud an un- 
known distance. The large area stripped last year towards the north- 
east shows how extensive the deposit is in that direction. 

Add to this the great depths to which the ore is known to descend, and 
it seems to me certain that a million of tons is as probable an estimate as 
a half a million. Large quantities of ore are left standing between 
the hard limestone ledges exhibited in figure 40 (taken from a in local map 
fig. 38), and in figure 34, which is an enlared view of the sharp promontory 
seen in fig. 33, sketched to show its geological structure. The dip of 
these limestones is to the 8. 35°, E. > 35° to 40°; and they are exactly 
ou range with the limestone outcrop along the road, at the quarry, and 
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past the Furnace, as shown in fig. 37. Slight crumplings of the limestone 
vary the dip from 18° to 65°; but these are due either to movements in 
the yielding ore mass or to a deception caused by mistaking cleavage 
planes for bed plates. No such variations are apparent at a distance 
from the banks, the whole limestone formation descending uniformly 
beneath the foot of Tussey Mountain with a dip of something under 40°. 

The pictures figs. 41 and 42 are views of the deep cut looking east from 
a in local map fig. 37. The view in fig. 43 is taken looking northward 
into the main ore bank, from near a ; and it shows the new incline, the 
washing house, and the ridge above it, along the crest of which the 
aqueduct is carried on tressels, for 2000 feet. Fig. 38 shows the end of 
the aqueduct where it is mounted by the pipe leading up the hill-side 
from the double Worthington pump in the engine-house, fed by another 
pipe from the dam. Behind the hill seen in fig. 43, in a hollow on a level 
with the northeast end of the banks, is the settling-dam. 
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The height of the walls of the various excavations may be seen by 
reference to the ten foot contour lines in fig. 37. These also show that 
the ground now so deeply excavated once formed a high divide between 
a vale descending southwest to Spruce Creek, and a corresponding but 
shallower vale descending northeast to the settling-dam hollow. It looks 
as if the ore once filled both these vales, but has been excavated by the 
natural drainage into Spruce Creek, from the one which descends 
in that direction, and, perhaps from the valley of Spruce Creek itself, 
down to and beyond the Furnace. 

The entire walls of the cuts are of wash ore, and it is all torn down 
and taken to the washing machine. But the tops of pyramids of solid 
pipe ore are exposed in the floor, and some reached to, or nearly to the 
sod above. At one of the deepest places in the floor, 60 feet below the 
sod a shaft was sunk 40 feet further through solid pipe ore, and then 
limestone, and was stopped by water. Water does not stand in the 
present floors on account of the free circulation, at a still lower depth, 
through crevices and caverns communicating with Spruce Creek, which 
itself issues from a cave. 

The books at the Furnace show as an average for some years, 6 tons 
of wash ore to 1 ton of ore; 2 tons 1 cwt. of ore to 1 ton of iron; and 
$2.25 per ton of ore delivered at the Furnace, represents the cost of min- 
ing, inclusive of all expenses. 

I shall give in an appendix, the opinion of Mr. Harden on some prac- 
tical points which I requested him to study, for which purpose he visited 
some of the Banks described above. 


Outcroppings of ore occur east and west of the Pennsylvania Furnace 
Banks on the southern slope of the anticlinal ridge facing Spruce Creek 
and the Tussey Mountain ; but no excavations have been made, because 
sufficient stock was always procurable at the Banks near the Furnace. It 
is not to be supposed, therefore, that equally large and important de- 
posits, may not be exposed by future systematic mining operations, when 
the completed railway shall make demands on this ore belt for supplying 
the furnaces of Eastern and Western Pennsylvania. 

Some of these surface-shows of ore are near the top, others near the 
bottom of the hill slope. The ore surface is commonly high up on the 
slope, or on the flat rolling back of the anticlinal ridge. 

John Ross has in his fields, north of Pinegrove Mills, ( miles east 
of Pennsylvania Furnace,) an old funnel shaped hole, from which very 
rich pipe ore was taken, and more can be seen in its sides, but no surface- 
show ; and I have no data on which to base an estimate of quantity. The 
ore was sent to Monroe Furnace ; was rich; but very red-short : lumps 
of pyrites being visible in the bombshell ore lying about the hole ; which 
is also coated with white sulphates. 

Surface ore can be traced all the way from Ross’ to Pennsylvania Fur- 
nace, but no search underground seems ever to have been made or called 
for. 
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In the other direction, down Spruce Creek, south-west of the Furnace, 

a few outcroppings on the surface appear, but lie neglected for the same 

reason. A few trial-pits seem to have been sunk near the school house, 
Fra. 40. 
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and near Mr. Geo. Lyon’s mansion, south of theturnpike. Large pieces 
of pipe ore lie in the east corner of Mr. Thos. Lyon’s fields, at the foot 


of Tussey Mountain. Ore has also been noticed in Mr. Stewart Lyon’s 
north fields. 
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All the above are on the south slope of the anticlinal of Brush Valley, 
facing Tussey Mountain. The anticlinal may be studied where the lime- 
stone rocks are seen dipping both ways (N. W. and §. E.) in the end of 
the hill at the Furnace, and in the railway rock-cuts as the line makes its 
semicircle down Half Moon Run and up Spruce Creek and Tadpole Run. 

Three miles further down Spruce Run a pipe ore bank was commenced 
on the south slope of the Anticlinal, to supply works erected at the 
mouth of Spruce Creek, for a patent process to convert the ore directly 
into wrought iron; but the patent process failed and the mine was never 
worked. It sufficed to show that the ore belt or outcrop follows the 
ridge along the north side of Spruce Creek towards the Juniata, but 
coalesces with that of the Cale Hollow, or north dip, beyond Huntingdon 
Furnace, and sinks beneath the surface, for no trace of it is found in the 
Little Juniata River section, where the Canoe Valley anticlinal may be 
seen replacing this of Brush Valley. 


Returning thus to Warrior’s Mark Run, and the neighborhood of 
Huntingdon Furnace, I have little to add to finish this report, except 
concerning an ore belt, west of the Run, on the south slope of the ridge 
in line with the Dry Hollow Banks. But before speaking of it, I shall 
give the following seetion up Warrior’s Mark Run :— 

At the mouth of Cale Hollow, in the north dipping rocks of the Spruce 
Creek Ridge anticlinal, and 150 yards east of the mill-dam, or a mile 
east of Huntingdon Furnace, there is marked on the map an old pipe-ore 
bank, now fallen in. Lime rocks here dip N. 30° W. > 50°; but, by the 
road-side, 300 yards to the west-southwest only 38°; and in the hill-side, 
650 yards to the west-northwest, 12° in the other direction 8. 30° E. The 
Old Seat Bank, No. 30, is 1,100 yards distant (up Warrior’s Run towards 
the N. N. W.) from this old bank. The Cale Hollow is thus seen to be 
synclinal, and, allowing for the different strength of dips observed there 
can be no reasonable doubt that the same ferriferous limerocks out-crop- 
ping here outcrop also at the Old Seat Bank ; and I have so drawn the 
Section A.B. 

The ore at this old bank is reported to have been extraordinarily 
charged with sulphur ; but I could not learn exactly in what form. 


No. 30. The Old Seat Bank, on the east bank of Warrior’s Run, 
24 miles below where the railway crosses the run (at Warrior’s Mark), is 
an old open cut with ore in its floor, abandoned many years ago for want 
of pumping machinery of adequate power. What little liver-colored ore 
is visible, looks lean, and much flint lies about. The area of the cut may 
be 4000 square yards. Water stands in it to within 10 or 12 feet of the 
top. It has been worked to a depth of 40 feet. About 30,000 cubic yards 
of ore-ground has been taken out. Although much liver colored ore 
like Pennington ore lies about, no pieces of sandstone are visible ; but a 
good deal of flint is among the ore, as at Pennsylvania Furnace Bank. 
Not much surface-ore shows in the neighborhood. 
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In the gap of the Dry Hollow Ridge, six hundred yards higher up the 
Fie. 41. 
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run, limerocks crop out, dipping also 8. 30° E. > 9° ; and 300 yards fur- 
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ther, sandy limestones, 8. 30° E. 10°. 500 yards further up the run, 
pipe-ore is reported, ploughed up in the fields. This belongs to an ore- 
bearing strata about 700 feet lower in the formation than the ore horison 
at the Old Seat Bank. The dip is continuous and equable ; there can be 
no mistake. 500 hundred yards still further up the run, at the forks of 
the road,’still lower sandy limerocks are seen dipping the same way, 8. 
30° E. 13°. Other exposures occur in this interval dipping also 8S. 30° 
E. 13°. No dips are noticed in the next 1000 yards, to the toll-gate 
and cross-roads and forks of the Creek ; but there is no reason no doubt 
that a southeast dip fills the interval, becoming ever more gentle. 

Five hundred yards southwest from the toll-gate, and 50 yards off the 
road (towards the northwest) on land 70 feet above the water, is an old 
deserted pipe ore bank 50 « 10 yards. This lies just 1000 yards due 
northwest of the pipe ore last mentioned as ploughed up in the fields ; 
and if a continuous southeast dip of 10° be supposed, we should find in 
it an evidence of a third and still lower pipe ore horison, 550 feet below 
the second and 1250 feet below the first, or Old Seat ore horison. But it 
would be very unsafe to consider this the simple state of the case. The 
place where ore was ‘‘ ploughed up over aspace of 600 yards ”’ is worthy 
of a thorough investigation, but the surface show is slight. The other 
locality where lumps and pipes of solid ore were got 25 years ago from the 
open cut and underground works, is reported to be rich still. None of 
its wash ore was taken away. 

This place is very important. It proves conclusively that pipe ores 
occupy a geological range of at least 1250 feet of the Lower Silurian 
Formation. And these exhibitions on Warrior’s Run connect the rich 
Dry Hollow Group of Banks already described, with the Huntingdon 
Furnace and Dorsey Group next to be described. 

The toll-gate is only 800 yards down the run from where the railway 
crosses it. And the southeast dipping Beck and Town Bank ores (Nos. 
4 and 5) are only 400 yards further up. The Beck and Town ore horison 
therefore underlies the toll-gate ore rocks (unless there be some concealed 
disturbance in the interval), at a geological depth of at least 1200 feet, and 
probably 1500 feet. For there are 20° dips (to the southeast) in the rail- 
way cut, and 35° dips in Warrior’s Mark Village. If I am anywhere 
near the truth, the Pennington Range ore horison (Becks, Town, &c.) 
underlies the Cale Hollow Pipe Ore horison at a geological depth of 2500 
to 3000 feet; which may well explain their different qualities. And this 
result is in harmony with features of my cross-sections AB and CD.* 


* The Pennington and Lovetown ores being on the same geological horison, and there 
being a breadth of limestone outcrop (dipping S. 30° E, 50°), between Lovetown and 


the Bellefonte fault at the foot of Bald Eagle Mountain, at least 700 yards broad, we 
have about 5000 feet of Lower Silurian measures visibly exposed underneath the Cale 
Hollow ( Pennsylvania Furnace Bank) ore horison. Adding to this the 2500 feet of 
limestones between Pennsylvania Furnace bank and the foot of Tussey, and we have a 
total thickness of Lower Silurian Limestones from the bottom of No. 111 (the Hudson 
River Slate) down to the jaw of the Bellefonte Fault, of 7750 feet; a very great thick- 
ness; but quite in harmony with all that we know of the Trenton, Black River, Bird’s 
Eye, Chazy and Calciferous in the Great Valley of Reading, Harrisburg, Chambers- 
burg, Winchester and Knoxville, This, so far as I know, is the first approximately ac- 
curate measurement of these formations in mass south of their New York outcrops, 
which are very thin in comparison with these, 





_ 
1874. ] ‘ 9 (Lesley. 


No. 31, Huntingdon Furnace Banks. These lie along the south- 
erly slope of a prolongation of Dry Hollow Ridge, west of Warrior’s 
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Run, and within a circle swept around Huntingdon Furnace with a radius 
of two miles, as shown on the land-map. The Dorsey Banks are outside 
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this circle, but are excavated in the same belt of outcrop. The outcrop 
is very broad because, as we have just seen along Warrior’s Run, the 
southeast dip is very gentle, about 10°. This has allowed a very large 
dissolution of the ore-bearing rocks. 

The Wilson Bank is two miles west of Warrior’s Run; no ore has 
been found in this interval, the slopes being sandy. Here limestone begins 
to come in, overlying the sandstone, and ore-bearing clays take posses- 
sion of the surface. This sandstone has been mistaken for the Calciferous 
Sandrock ; but must be one of the numerous intercalations of sand in the 
great limestone series. 

The Keefer Banks follow, in the next half mile, and, although ex- 
hausted as to the wash ore of the outcrop, can be mined to the deep if 
proper pumping apparatus be mounted to keep the underground water 
down. 

Fig. 44 gives a local map of these excavations, which severally measure, 
as they come in order along the line of Mr. Platt’s survey :— 


a. * 130 < 30 > 81,200 cubic yards. 
160 : 85 > 44,800 “ 
40 X 25 > 10,000 “ 
120 40 > 38, 400 “ 
100 « 40 > 32,000 o 
30 « 80 4,500 6 


Total excavation, say, 161,000 cubic yards. 


No. 32, Dorsey Banks, see fig. 44. 

These works lie just outside the two mile circle around Huntingdon 
Furnace Stack (see Land-line Map), and are used for Barre Forge, dis- 
tant three miles due west on the Little Juniata River ; the nearest distance 
to the river by the Township line in a southwest direction being two 
miles. 

There is first an open cut on the south side of the road, see fig. 44, measui- 
ing 65 & 25 & 6 = 9,750 cubic yards of excavation, with wash ore in the 
walls. Then, a shallow open cut, ten or twelve feet deep, 75 « 30 « 4 

= 9,000 cubic yards, the floor being everywhere wash ore. 

The Main Bank, in the southwest corner of fig. 44, is divided by a 
slide of the southeast wall into two open cuts, 200 « 70 15 == 210,000 
cubic yards, with wash ore walls and floor (now generally 30 feet deep), 
but excavations have been made much deeper. 


* These Jie south of the road, on the large map. Eight yards ig taken as the average 
depth of both, but they may have been worked deeper. Wash ore forms the walls. 

+ Also south of the road and beyond the limits of fig. 44. 

t North of the road, at the northeast corner of fig. 44. It has not been worked for 
years. Wash ore forms the walls. 

§ North of the road, and of the Dorsey Bank, fig. 44. Both have fallen shut. Wash 
ore forms the walls. 





ane Za a a 


bin Wf 


— at 


A. P. 8.—VOL. XIV. K 


————— a Pomnsylranea Furnace Ore Tyco k5fia 





Lesley. ] 82 [Jan 2and Feb. 6, 

From the northeasternmost Huntingdon Furnace Diggings to the last 
Dorsey Digging is a stretch of about 2000 yards, with ore shows filling 
up the intervals between the banks. There is a maximum breadth of 
500 yards. But if half that be adopted for an estimate, we have an area 
of wash ore here equal to 100,000 square yards, in all respects like that 
of the Dry Hollow Bank district (on the same range) described above, 
and representing, at least, one or two millions of cubic yards of ore 
ground, besides whatever deeper deposits of pipe ore exist. 

As in Dry Hollow, so here much lean ore is mingled with the rich, and 
much dead stripping will be required in places. 

There is this distinction: the ore of the barrens, that is the liver- 
colored and more sandy ore ranges along the northwestern side of the 
belt of outcrop, up the hill-side ; pipe ore characterises the down hill, or 
southeastern side of the outcrop. The main bank is wholly iu the top or 
wash ore covering, and has merely revealed the principal deposit of rich 
rock ore and pipe underlying it. Those who worked the pit describe a 
layer of ore 6 to 8 feet thick as apparently creeping downhill, overturned, 
and covering itself. What this description means I do not know. | he 
ore makes excellent iron. 


It is unnecessary for me to say that the ferriferous limestones described 
in the above details, and crossing the river (S. W.) into Sinking Valley, 
carry the ore ground outcrops with them, and that these have been mined 
to some extent at various places south of Barre Forge, yielding both rich 
and lean wash ore, and rock and pipe ore, of the same general character. 

The same statement holds good as to Canoe Valley, although its nar- 
rowness does not permit its anticlinal to bring the lowest horison of ore 
to the surface. 


In Sinking Valley the two sides of its dying anticlinal bring the ore- 


outcrops together about three miles south of the river. The following 
are some of the ore banks: ou the south side, Pine Hill Bank (} mile 
from the river); Moore’s Pipe Ore Diggings (1 mile) ; Gubraith’s Pipe 
Ores (14 mile); Robinson’s Bank (2) miles). On the northwest side are 


Gentzhammer’s and other outcrops. 


It is a serious question why mines of Brown Hematite Iron Ore have 
not been opened on the Juniata River above the mouth of Spruce Creek. 
This question seems to be answered by my section along the river, fig. 1. 
It is evident that the horison of the Pennsylvania Furnace or Cale Hol- 
low ores scarcely rises on the back on the Canoe Valley axis to the level 
of the valley bed, and is immediately carried down again by the syncli- 
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nal of Canoe mountain. It is then visible in Sinking Creek Valley, as 
just stated. Whether any large quantities of ore underlie the river bed 


+ 
j 
j 


Socal Moap 4 the 
Dersey Group of Ore Danks 
Ast of the Juniata 


Surveyed 4 % reandua. Platt 


below Union Furnace and above Spruce Creek Station remains to be de- 
termined by future trial shafts along the line of the Pennsylvania Rail- 
road. 
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INVESTIGATION OF IRON ORES AND LIMESTONES FROM 
MESSRS. LYON, SHORB & CO’S IRON CRE BANKS ON SPRUCE 
CREEK, HALF MOON RUN AND WARRIOR’S MARK RUN, IN 
CENTRE, BLAIR AND HUNTINGDON COUNTIES, PA. 


By F. A. Genra. 
(Read before the American Philosophical Society, February 6th, 1874.) 
NO. 1, EAST PENNINGTON BANK. 


The greater portion of thirteen specimens, received for examination, 
was compact, dull, of various shades of brown and had like No. 1 an ad- 
mixture of dark brown pitchy ore; other portions were porous and had 
the cavities lined with botryoidal fibrous brown limonite, others were 
stalactitic. Some of the ore had lost a part of its water of hydration 
and had changed into turgite and even into hematite. Many of the 
pieces showed a considerable admixture of manganese minerals, such as 
wad, minute quantities of pyrolusite and perhaps psilomelane, some con- 
tained a large quantity of rounded grains of quartz. 


An average of the whole showed the following composition : 


Ferric oxide = 65.88 44.77 Metallic Iron. 
Manganic oxide 6.00 = 4.18 Metallic Manganese. 
Cobaltic ‘“ 0.34 

Alumina trace 

Magnesia 0.26 

Lime trace 

Phosphoric acid -0.22 = 0.097 Phosphorus, 
Silicic acid 6.38 

Quartz 7.87 

Water 13.05 


100.00 
100 Iron and Manganese contain 0.197 Phosphorus. 


NO. 2. WEST PENNINGTON BANK. 


Five specimens were submitted for examination. The ore was mostly 
of various shades of yellowish brown to dark hair-brown and without 
lustre ; in some was an admixture of a dark blackish brown ore with sub- 
conshoidal fracture and a resinous lustre ; some portions had a slight 
waxy lustre, others were earthy and dull. It was amorphous, but in 
places the cavities were lined with a coating of brown fibrous limonite. 
On being breathed upon, it developed a strong argillaceous odor. 
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An average of the tive specimens contained : 
Ferric oxide = 70.93 = 
Manganic oxide = 0.38 
Cobaltic - trace 
Alumina 2.81 
Magnesia 0.14 
Lime 0.08. 
Phosphoric acid 0.37 
Silicic acid 4.38 
Quartz 7.91 
Water 13.00 


49.65 Metallic Iron. 


0.16 Phosphorus. 


100.00 
100 Iron contain 0.32 Phosphorus. 


No. 6. RuMBARGER BANK. 


A sample of ore was taken from a pile alongside of the Bank. It is 
mostly amorphous and compact, also somewhat porous, and has the cavi- 
ties lined with a thin coating of fibrous limonite ; the cavities are also 
coated with red ochre and at times with yellow ochre. 

The composition was found to be as follows : 

Ferric oxide 74.16 51.91 Metallic Iron. 
Manganic oxide trace 
Alumina 3.06 
Magnesia 0.24 
Lime trace 
Phosphoric acid 0.36 
Silicic acid 6.11 
Quartz 3.94 
Water 12.13 


0.158 Phosphorus. 


100.00 
100 Iron contain 0.30 Phosphorus. 


No. 11. LytTLe BANK. 

The sample received for examination consisted mainly of amorphous 
compact brown ore, intermixed with fine fibrous limonite. The fibres are 
from } to $ of an inch in length and form botryoidal coatings ; sometimes 
divergent. The outside covered with yellowish ochreous ore. 


The analysis gave : 
Ferric oxide = 82.00 
Manganic oxide = __trace 
Alumina = 1.94 


57.40 Metallic Iron. 


Magnesia 
Lime 


0.17 
trace 
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Phosphoric acid 


Silicic acid 
Quartz 
Water 






0.37 
2.98 
0.44 
12.10 





100.00 


100 Iron contain 0,278 Phosphorus. 


The samples for investigation, five in number, were taken from piles of 
ore taken out about thirty years ago. 
fibrous limonite of a pale hair-brown color and silky lustre, much resem- 
bling that from the Lytle Bank, but of fibres two inches in length. 
others represented the amorphous ores. They are compact, of various 
shades of brown, without lustre ; they contain more or less cavities, 
partly filled with ochreous ore of a yellowish or reddish color. 
amorphous ores have, on being breathed upon, a strong argillaceous 


odor. 


Ferric oxide 


Manganic oxide 


Alumina 
Magnesia 
Lime 


Phosphoric acid 


Silicic acid 
Water 


No. 14. Buti BANK. 


a. Pure Fibrous Limonite. 


81.48 = 
0.07 
0.49 
, traces. 
0.08 
8.98 
13.90 


100.00 


100 Iron contained 0.061 Phosphorus. 


Ferric oxide 


Manganic oxide 
Cobaltic oxide 


Alumina 
Magnesia 
Lime 


Phosphoric acid 


Silicie acid 
Quartz 
Water 


100 Iron contained 0.20 Phosphorus. 


b. Average of the five Samples. 


74.85 
0.29 
0.21 
2.42 
0.12 
trace, 
0.24 
4.15 
5.92 


11.80 


100.00 


0.16 Phosphorus. 





One consisted of a beautiful 


57.04 Metallic Iron 





0.035 Phosphorus. 





52.40 Metallic Iron. 


0.105 Phosphorus. 
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No. 15. Ponp Bank No. 1. 


Two of the four specimens received were of a dark brown porous amor- 
phous ore with very little lustre, more or less mixed with yellowish and 
reddish ochreous ore ; the third piece was of a paler brown and con- 
tained small quantities of fibrous ore, the fourth was an ochreous ore of 
a pale brown and yellowish color. An average of the four samples con- 
tained : 


Ferric oxide - 78.68 55.08 Metallic Iron. 
Manganic oxide 0.42 
Cobaltic ee trace. 
Alumina 2.89 
Magnesia 0.20 
Lime trace. 
Phosphoric acid 0.16 = 0.07 Phosphorus 
Silicic acid 8.17 
Quartz 1.71 
Water 12.77 
100.00 


» 


100 [ron contain 0.127 Phosphorus. 


No. 16. Rep Banx No. 1. 


Five samples of ore received. It is generally an amorphous compact 
ore, with a considerable admixture of sand. Some is more porous, and 
has the cavities lined with fibrous limonite, and more or less filled with 
clay. Emits, when breathed upon, a strong argillaceous odor. Part of 
the specimens had lost a portion of their water of hydration. 


The analysis of an average sample gave : 


Ferric oxide 65.44 = 45.81 Metallic Iron. 
Manganic oxide 0.13 
Cobaltic oxide trace 
Alumina 5.31 
Magnesia 0.16 
Lime trace 
Phosphoric acid : 0.21 0.09 Phosphorus. 
Silicic acid 6.76 
Quartz 12.7 
Water 9.21 
100.00 





100 Iron contain 0.195 Phosphorus. 
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No. 19. WHore.i Bank. 


Two pieces of a fine brown porous amorphous ore of various shades, 
between yellowish and dark-brown; some portions showing a slight 
pitchy lustre ; the greater part is dull. Has a strong argillaceous odor 
when breathed upon. 


The analysis of an average sample gave : 
Ferric oxide 69.71 48.80 Metallic Iron. 
Manganic oxide 0.46 
Cobaltic oxide trace 
Alumina 3.37 
Magnesia 0.08 
Lime trace 
Phosphoric acid 0.97 0.43 Phosphorus. 
Silicic acid 3.51 
Quartz 9.60 
Water 2.30 
100.00 
100 [ron contain 0.87 Phosphorus. 


No. 21. Wryr Bank. 

Five specimens received. The ore is amorphous, porous, and scori- 
aceous. Some of the cavities are lined with a thin coating of fibrous 
ore. The more compact pieces contain a large admixture of rounded 
quartz grains. 

An analysis of an.average sample gave : 

Ferrie oxide 77.00 53.90 Metallic Iron. 
Manganic oxide 0.36 
Cobaltic oxide trace 
Alumina 2.15 
Magnesia 0.14 


Lime 0.15 
Phosphoric acid 0.19 - 0.08 Phosphorus. 
Silicie acid 2.60 
Quartz 5.53 
Water 11.88 


100.00 
100 Iron contain 0.15 Phosphorus. 
No. 24. Dry Hottow Bank. 


Amongst the eight specimens received for examination was one of a 
beautiful variety of fibrous limonite ; the fibres are of about one inch in 
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length, also divergent and radiating ; color dark brown, lustre silky ; the 
other ores were both compact and porous amorphous brown limonites, 
some with the cavities lined with fibrous ore, others having them filled 
with ochreous clayish ores. Some of the pieces give a strong argillace- 
ous odor, when breathed upon. 


a. Pure Fibrous Limonite. 

Ferric oxide = 88.18 = 58.19 Metallic Iron. 
Manganic oxide 0.15 

Alumina 0.74 

Magnesia 0.09 

Lime trace 

Phosphoric acid 0.50 : 0.22 Phosphorus 
Silicic acid 2.47 

Water 12.92 


100.00 

100 Iron contain 0.37 Phosphorus. 
b. Average of the eight Specimens. 

Ferric oxide = 75.90 53.13 Metallic Iron. 
Manganic oxide 0.16 
Cobaltic oxide = trace 
Alumina 2.44 
Magnesia 0.20 
Lime trace. 
Phosphoric acid 0.54 : 0.24 Phosphorus. 
Silicic acid 2.74 
Quartz 7.84 
Water 10.18 


100.00 
100 Iron contain 0.45 Phosphorus. 


No. 24. d. Rep Bank or Dry Ho.uuiow. 


An examination of six specimens, showed the general character of the 
ore to be amorphous, of a dark brown color, and compact ; some pieces 
have cavities lined with yellowish brown and dark brown fibrous 
limonite ; others have rounded quartz grains disseminated through the 
mass. A portion of the ores has lost part of the water of hydration. 
The cavities and fractures are frequently coated or filled with a brownish 


red ochreous ore. 
An average sample of the whole contained : 
Ferric oxide 80.34 = 6.24 Metallic Iron. 
Manganic oxide 0.52 


A. P. 8.—VOL. XIV. L 
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Cobaltic oxide 
Alumina 
Magnesia 

Lime 
Phosphoric acid 
Silicie acid 


90 


trace 


1.66 
0.13 
trace 
0).49 
3.18 


0.215 Phosphorus. 


2.63 
11.05 


100.00 
100 Iron contain 0.38 Phosphorus. 


Quartz 
Water 


No. 27. Kerr aND BREDIN BANK. 


The three specimens received show the ore to be mostly amorphous 
and compact, and of various shades of brown, also earthy ; some parts 
are porous and the cavities. lined with fibrous limonite, sometimes in 
botryoidal forms. On being breathed upon, developes a strong argilla- 


ceous odor. 
The average of the samples contained : 
70.67 
0.36 
trace 


Ferric oxide 49.47 Metallic Iron. 
Manganic oxide 
Cobaltic oxide 

Alumina 3.91 
Magnesia 0.26 
Lime trace 
Phosphoric acid 0.19 
Silicic acid 5.48 
Quartz 6.80 
Water 12.33 


0.08 Phosphorus. 


100.00 
100 Iron contain 0.16 Phosphorus. 


No. 28. Hostiter Bank. 


Amorphous, compact and 
Stalactitic. Coated with 


One specimen of so-called ‘‘ Pipe Ore.”’ 
earthy, brown to yellowish brown. Porous. 
yellowish and reddish ochreous ore. 


The analysis gave : 

78.58 55.01 Metallic Lron. 
0.08 
0.88 
0.54 
0.30 
0.36 


Ferric oxide 
Manganic oxide 
Alumina 
Magnesia 

Lime 


Phosphoric acid 0.158 Phosphorus. 
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Silicic acid 4.25 
Quartz : 2.60 
Water > 12.41 


100.00 
100 Iron contain 0.28 Phosphorus. 


No. 29. PENNSYLVANIA BANK. 


a. Two samples received for examination. 

Amorphous brown compact ore mixed with ochreous yellowish or red- 
dish ore ; Porous, some of the cavities lined with a very fine coating of 
fibrous ore. 

b. So-called Pipe ore. 

Amorphous porous ore, in columnar masses, the cavities filled with fer- 
ruginous clay. 

e. Quartz grains, cemented by brown amorphous limonite, and dis- 
seminated through it, patches of hydrous manganic oxide and perhaps of 
psilomelane. 


a. Average of two Samples. 


Ferric oxide = 81.55 57.10 Metallic Iron. 
Manganic oxide 0.10 

Cobaltic oxide trace 

Alumina 1.49 

Magnesia 0.47 

Lime trace 

Phosphoric acid 0.16 0.07 Phosphorus. 
Silicic acid 2.98 

Quartz 1.55 

Water 11.70 


100.00 
100 Iron contain 0.12 Phosphorus. 
b. Pipe Ore. 
Ferric oxide 83.74 : 58.62 Metallic Iron. 
Manganic oxide : 0.31 
Cobaltic oxide trace 
Alumina 0.33 
Magnesia 0.34 
Lime trace 
Phosphoric acid 0.14 0.06 Phosphorus. 
Silicic acid 2.57 
Quartz 0.44 
Water 12.13 


100.00 
100 Iron contain 0.10 Phosphorus. 
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c. Sandrock. 


Ferric oxide 30.56 Metallic Iron. 
Manganic oxide 

Cobaltic oxide 1 
Alumina 
Magnesia 

Lime 

Phosphoric acid 
Silicie acid 
Quartz 

Water 


1.55 


2.43 
1.64 
0.12 
0.27 
5.19 
36.52 
8.63 


0.12 Phosphorus. 


100.00 
100 Iron contain 0.39 Phosphorus. 


O.p Cut NoRTH OF GATESBURG. * 


A peculiar looking amorphous ore, of a brown and yellowish-brown 
color, uneven to subconchoidal fracture, dull or of slight waxy lustre, 
inclining to resinous. It has a strong argillaceous odor when breathed 
upon. 

The composition of the one specimen, which I received for examination, 
was found to be : 


Ferric oxide 71.63 50.14 Metallic Lron. 
Manganic oxide ons 
Cobaltic oxide } 


Alumina 
Magnesi 
Lime 


Phosphoric acid 
Silicic acid 


Quartz 
Water 


100 Iron 


4.63 

L 0.37 
trace 
1.67 
3.69 
4.64 
12.84 


0.73 Phosphorus. 


100.00 
contain 1.43 Phosphorus. 


The amount of metallic iron in the calcined ores is as follows: 


No. 


io 


1, 
2. 
6. 
- ti 
- 14 


sé 


“ce 


51.49 per cent. 
“cc 


East Pennington Bank 

West Pennington Bank. 

Rumbarger Bank 

Lytle Bank 

Bull Bank—a, fibrous ore 
” ‘© —b, average 


*Mr. Platt’s Station 





[Genth. 


Pond Bank, No. 1 63.14 per cent. 
Red Bank, No. 1 50.46 ‘ 
Whorell Bank wees 
Rye Bank a 
Dry Hollow Bank—a, fibrous ore. . 
- - «6 —b, average. .... 5 

Red Bank of Dry Hollow 

27. Kerr and Bredin Bank 

28. Hostler Bank 

29. Pennsylvania Bank—a, average.... 

“ - «< —b, pipe ore.... 

- “i ‘6 6—c, sandrock. .. 

Ore from Old Cut N. cf Gatesburg.......... 57.52 

All these ores were examined for Sulphur and Sulphuric acid, but not 
a single one gave a decided reaction for either. They were also examined 
for Titanium, Chromium, Vanadium, and other metals, but with negative 
results. 

Their only constituent, which has an injurious effect upon the quality 
of the iron, produced from the same, is phosphoric acid ; most of them, 
however, contain it in too small a quantity to be of much harm. Only 
two of the samples contain it in a larger preportion. 


For better comparison, I will arrange the amounts of Phosphorus 
which would be contained in 100 parts of iron, provided no loss of either 


would be sustained : 


Fibrous ore of Bull Bank 0.06 Phosphorus. 
Pipe ore of Pennsylvania Bank 10 o 
Average ore of 12 

Pond Bank, No. 1 127 

Wrye Bank 15 

Kerr and Bredin Bank..................-.0.16 

Red Bank No. 1 195 

N. E. or Upper Pennington Bank 197 

Average Of Bull Bank... .....6.6.sccsee 20 

a ee PEL eee ).278 

Hostler Bank ).28 

| TT eT Tee eee ee 80 

8. W. or Lower Pennington Bank........0.32 
Fibrous ore of Dry Hollow Bank BT 
Red Bank of Dry Hollow................0. 38 
Sandrock of Pennsylvania Bank 0.39 
ge Se eee re 0.45 
Whorell Bank oe 
Old cut N. of Gatesburg 


Of all the ores submitted for examination only two appeared to be in a 
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sufficient state of purity to throw light upon their constitution, as they 
were crystalline, and free from visible impurities. For this reason they 
were examined separately. 

Taking into consideration only their principal constituents, viz : Ferric 
oxide, Silicic acid and water, the question arises, in which form the 
silicic acid is present, as it is undoubtedly in chemical combination with 
the ferric oxide and not in the form of a mechanicai admixture of sand. 
[If pieces of these fibrous limonites are placed into strong chlorhydric 
acid, all the ferric oxide will be extracted, and the silicic acid will remain 
in the shape of the original pieces, of a snow-white color and fibrous 
structure. The only hydrous ferric silicates, which are known, are An- 
thosiderite and Degeroeite. The former is a crystalized mineral, which 
has a composition, represented by the formula 2Fe,0,, 9SiO,-+-2H,O. 
It is very probable that, although observed in its pure state only at one 
locality, it occurs frequently as an admixture with other iron ores.—lIf 
we calculate for the 3.98 per cent. of silicic acid in the fibrous mineral] 
from Bull Mine, the requisite quantities of ferric oxide and water, we 
find 2.36 per cent. of ferric oxide and 0.26 per cent. of water, making an 
admixture of 6.60 per cent. of anthosiderite. The atomic ratio between 
the remaining 79.12 per cent. of ferric oxide and 13.64 per cent. of water 
is 1: 1.53 or very near 2: 3, showing the hydrous ferric oxide to be limo- 
nite — 2 Fe, O,, 3 H, O. 

If in the same manner we examine into the composition of the fibrous 
mineral from the Dry Hollow, the 2.47 silicic acid require 1.46 per cent. 
ferric oxide and 0.17 water, giving an admixture of 4.10 per cent. of 
anthosiderite.—The atomic ratio between the remaining 81.67 per cent of 
ferric oxide and 12.75 per cent. of water is 1: 1.4, which also shows the 
ferric hydrate to be limonite, which, however, has already lost a small 
part of its water. 

The above analyses show besides the mechanically admixed rounded 
grains of sand, which I distinguish as ‘‘ quartz,’’ a considerable quantity 
of silicic acid, which is in chemical combination, probably as a hydrous 
ferric oxide. But as it is impossible to say what the true character of 
this mineral may be, whether anthosiderite, or degeroeite a silicate of 
the composition Fe, O,, 25i0,+-3H,O or a species not yet known in its 
pure state, suffice it to say that all these ores are mechanical mixtures 
of limonite with hydrous ferric silicate and minute quantities of hydrous 
ferric phosphate, perhaps dufrenite or cacoxenite ; some of the ores con- 
tain besides these, small quantities of manganese ores, mostly the so- 
called ‘*‘bog-manganese’’ or wad, but also pyrolusite and psilomelane. 

It is a very remarkable fact that, although these iron ores are to a great 
extent at least, the result of the decomposition of limestones and by them 
precipitated, that almost the entire amount of lime has been washed 
out of them and only traces are remaining ; of the second constituent of 
the limestones, the magnesia, a somewhat larger quantity is left be- 
hind, owing undoubtedly to the lesser solubility of its carbonate in car- 
bonic acid water. 
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Of the limestones only a few typical varieties have been more fully in- 
vestigated, especially those from the Hostler and Pennsylvania Banks. 


LIMESTONE AT HEAD OF HosTLER BANK. 


It has a fine crystalline granular structure and is mottled, whitish and 
grey ; the surface is coated with ochreous argillaceous iron ore. 


A pure specimen from which the iron had been carefully removed, con- 
tained : 


Carbonate of Iron .80 


ee 


.89 Metallic iron. 
‘* Manganese 19 
‘* Magnesia 35.19 


= .76 Magnesia. 
" ‘* Lime 44 
Quartz and Silicie Acid 3.84 


Alumina * 0.54 


33.28 Lime. 


100,00 
The atomic ratio between Magnesia and Lime is 1: 1.4, which is the 
eomposition of some of the ‘‘ pearlspar”’ varieties of dolomite. 
LIMESTONE IN HostLeR BANK. 


It lies four feet thick over 33 feet of pipeore. 


It has an ash-grey color 
and a very fine grain, which is hardly perceptible to the naked eye ; very 


friable. Its composition was found to be : 
Carbonate of Iron 0.50 0.24 Metallic Iron. 

’ ‘* Manganese 0.24 

‘* Magnesia 42.52 


6 20.25 Magnesia. 
66 ‘* Lime 51.82 


Quartz and Silicic Acid 4.33 


200 


29.02 Lime. 


Alumina 0.42 
Water 0.17 


100.00 


The atomic ratio between Magnesia and Lime is 1: 1, which shows it to 
be a true dolomite. 


Uprrer LIMESTONE FROM PENNSYLVANIA BANK. 
Dark grey compact, slightly crystalline 
The analysis gave the following results : 


Carbonate of Iron 


“ce 


0.63 Metallic Iron. 
‘* Manganese 

“ ** Magnesia 1.90 Magnesia. 
** Lime 2. - 40.69 Lime. 
Quartz and Silicic Acid 


Alumina 


“e 


100.00 
The atomic ratio between magnesia and lime is 1: 15. 
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LIMESTONE IN THE PENNSYLVANIA BANK. 


Pale ash grey, very finely crystalline, rough to the touch like rotten 
stone, very friable and easily falling to powder. 


Its composition was found to be: 
Carbonate of Iron 0.45 = 0.22 Metallic Lron. 
” ‘* Manganese 0.06 
- ** Magnesia 42.39 = 20.19 Magnesia. 
” ‘* Lime 51.25 28.70 Lime. 
Quartz and Silicic Acid 5.03 
Alumina 0.82 


100.00 
The atomic ratio between Magnesia and Lime : 1, shows it to be a 


true dolomite. 


ANOTHER VARIETY OF LIMESTONE IN THE PENNSYLVANIA BANK. 


Yellowish grey, soft, rotten, feels rough to the touch, sandy ; crystal- 
line ; has a laminated structure. Its analysis gave : 
Carbonate of Iron 1.18 - 0.57 Metallic Iron. 
4 ‘* Manganese trace 
“ ‘* Magnesia 35.51 16.91 
66 ‘* Lime 45.73 25.61 
Quartz and Silicic Acid 15.83 
175 


Alumina 15 


100.00 


The atomic ratio between Magnesia and Lime=1: 1.08 proves it also 
to be a true dolomite. 

It is remarkable that the limestones and dolomites, of which I give the 
analyses, contain almost the entire amount of silicic acid as quartz, only 
a small quantity is present as soluble silicic acid and in combination with 
alumina. If the limestones and dolomites are dissolved in acid, the 
quartz remains often as a scoriaceous mass or in irregular sandy but 
not rounded or water-worn grains; sometimes it forms large coherent 
slaty masses in the limestone, frequently filled with minute cavities, 
previously occupied by rhombohedral crystals of dolomite. Similar 
pieces found in the Pennsylvania Bank are white, like porcelain and 
show the same cavities of rhombohedral crystals. Other varieties of 
limestone in the Pennsylvania Bank have a still greater admixture of 
quartz and are a real calciferous sand rock.* 

UNIVERSITY OF PENNSYLVANIA, January 23d, 1874, 

* These analyses summed up about 100, most of them a little above, one or two a little 


below, but all within the limits of unavoidable error; for better comparison I thought 
it advisable to calculate them for 100.00, from the actual result obtained. (F. A. Genth.) 
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ANALYSES* OF PENNSYLVANIA PIPE, AND PENNINGTON ORE. 
3, DEVONSHIRE TERRACE, KENSINGTON, LONDON, W.., 
January 5th, 1871. 


Dear Sir:—Herewith I beg to forward you the results of my analysis 
of the two samples of ore, marked, respectively, ‘‘ Pipe Ore’’ and ‘‘ Pen- 
nington Bank.”’ 

The whole of the samples were intimately pulverized together in each 
case ; they contain 

PIPE ORE, PENNINGTON BANK 
10.84 5.42 
73.18 79.05 
15 
2.51 1.29 
traces. ll 
CRPMIINE OE RINGS 66605 065i ivicnineees Se 
Carbonate of Magnesia 1.20 Magnesia. .11 
Phosphoric Acid nos 17 04 
Combined Water 9.09 10.57 
Moisture 1.81 3.55 
Sulphur .. .05 


99.80 100.14 


Metallic Iron.......-. 51.81 55.34 
- ‘* exclusive of Water 58.25 64.35 
Both these samples are rich iron ores, sample ‘‘Pennington Bank 
being nearly pure brown hematite. The pipe ore is a harder ore than 
‘Pennington Bank ’”’ ore. 
I consider both samples of ore adapted for the manufacture of Besse- 
mer Pig. 
Believe me to remain, yours, very faithfully, 
EDWARD RILey, F. C. 8., 


Metallurgist, Analytical and Consultiny Chemisi. 


ANALYsIs OF ‘‘ Prez ORE,”’ ‘‘KeERR & BREDIN” AND PENNINGTON 
BANK OrEs, BY Cu. ALDENDORF, Sus-DIRECTOR OF THE GEORGE- 
MARIEN Hutte Hien Furnaces, Marcu 9, 1872. 


PIPE ORE, KERR & BREDIN, PENNINGTON 
Water 11.190 10.540 12.340 


; Si O? . 
Insoluble Residue, ooo ~ 5.120 13.400 5.450 
Oxide of Iron, F20' 82.050 73.560 79.450 


* These analyses by an English chemist of well known reputation, especially en- 
trusted by Mr. Bessemer with his numerous and important analyses, are here added for 
com parison. 


A. P. 8.—VOL. XIV. M 
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PIPE ORE, KERR & BREDIN. PENNINGTON. 
Alumina, BPO". . 2+: 1.650 2.840 3.096 
Oxide Manganese, MP 00. 0.270 0.190 0.440 
Chalk, ae 0.370 0.460 0.440 
Magnesia, Mg trace. trace. trace. 
Phos. Acid, .05,, 0.080 0.280 0.064 
Sulphuric Acid, »O,' trace. trace. trace. 

100.730 101.270 101.280 
Per cent. Metallic Iron 57.435 51.492 55.61 
Phosphorus in 100 Iron 0.061 0.238 0.053 
Per ct. Iron, excluding Water, 64.150 56.075 62.540 


**The Pipe and Pennington Ores if melted together would make a very 
superior Bessemer Iron. The Kerr & Bredin alone an inferior Bessemer 
Iron. A separate analysis, however, of Kerr & Bredin shows that its 
Phosphorus is concentrated in the Clay thereto attached, and it may be 
that this Ore may be made available for Bessemer Pig, by proper treat- 
ment before smelting.’’ 


ANALYSIS OF PENNSYLVANIA FuRNACE LIMESTONE By OTTO WuTH, 
CHEMIST, PrrrspurRGH, Pa. 


From Quarry near the Furnace—a grey crystaline Stone : 


PUNE dibs Gacie we} aver vs Canute ee 91.53 

“ ‘* Magnesia 1.31 
SE GE Mes cats Waban tibiae He GVb delbtee chess trace. 
Organic Matter 


From Ore Bank Rail Road Cut —a partly crystalline drab-colored 
stone : 


Silicic Acid....... 
Alumina 
Carbonate of Iron 

= ‘* Lime 

= ‘* Magnesia 
Sulphate of Lime 
Organic Matter 
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Gray Crystalline Stone, sou h side of road from Ilalf Moon Run to 
Hostler Bank, near the Half Moun Run. 
Silicic Acid 
Alumina 


sé 


5 PINGS Sa.dexcscacns teed’ 
Sulphate of Lime 
Organic Matter 


Smooth Grey Stone from north side of road near the foregoing : 
Silicie Acid. ee 1.87 
Alumina 35 
Carbonate of Iron 75 

** Lime 86.42 
_ “* Magnesia. ....... 4,24 
Sulphate of Lime........ sen ey 21 


Organic Matter 


Min1na Mernops. 


It will be seen from the above descriptions, that mining operations 
have been mostly carried on in this region in an irregular and primitive 
style. I requested Mr. John W. Harden to give me the benefit of his 
large and varied experience as a mining engineer and superintendent, 
both in the English and in the American collieries and iron mines, in 
stating what ought to be the most economical mode of entering on and 
exhausting the Nittany Valley limestone deposits. Ilis recent success in 
increasing the export of limonite from Pinegrove Furnace banks south of 
Carlisle, by a judicious application of a system of regular approaches, 
justifies me in placing a high value on any practical suggestions he has 
to offer respecting similar deposits. 

He therefore visited the Pennington, Dry Hollow, Kerr & Bredin, 
Pennsylvania Furnace, and other Banks above described; and the follow- 
ing extracts from his report will show that there is but one conclusion to 
arrive at, and that a very simple one ; viz., that the system to be almost 
universally adopted is that by open-cuts, approached from the direc- 
tion of the railway, at the lowest possible levels, and worked to the 
right and left, in advancing slopes, one above the other ; that the deep 
rich-ores should be worked at the same time with the upper wash-ores, 
or not greatly inarrear of them, so that the wash-ore thus won may pay 
the expenses of uncovering the richer lower ores; and that where surface 
water is scarce, bore-holes should be sunk to serve the double purpose of 
exploration and water supply. 

Whether additional and larger furnaces be erected in the Valley, or 
whether the ores be sent by rail to the Iron Works in Eastern and 
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Western Pennsylvania, in both contingencies an exploitation of ore must 
be provided for, amounting annually to many hundred thousand tons 
per annum. 

The largest mining operation in the Valley being that of the Pennsyl- 
vania Furnace, Mr. Harden takes the account book of the works at that 
point for a practical basis of calculation of the cost of exploitation. It 
is evident that mining conditions through the Valley are very similar. 
No system of between-rock mining will be required for many years. But 
exploring drifts and shafts will be necessary, and under-cutting where the 
clays are destitute of ore and too thick to remove. Most of the work 
however must be done in opencuts of great extent, with simple 
machinery foc obtaining water and washing the entire mass of ore- 
ground tothe very bottom, or to the deep rock-ores, which can be quarried 
and used without washing. In many cases the rock-ore, and in some 
cases the clay-ore, can be followed downward between solid masses of 
limestone rock ; but this must be done in connection with the open-cuts. 

At the Pennington Banks there appear to be from 50 to 80 feet of 
wash-ore and clays overlying from 8 to 16 feet of rock-ore. 

At the Dry Hollow Banks there is a stripping at the surface from 5 to 
15 feet deep containing but little ore; then wash-ore with sands and 
sandy clays to a depth of 20 or 30 feet before reaching rock-ore. 

At the Hostler Banks a top stripping of 5 feet or more, covers 50 to 
60 feet of wash-ore in clay, under which lie the pipe-ores, which are re- 
ported as having been in one place over 40 feet deep ; limestone layers 
covering and dividing the mass. The miner who sunk the last shaft in- 
formed Mr. Harden that it went down 60 feet through wash-ore, 5 feet 
through solid limestone, and 7 feet in pipe-ore on one side of it, and 
wash-ore on the other side ; water stopping further sinking. 

At the Pennsylvania Furnace Banks, the entire mass from the surface 
to the floor of the quarry is wash-ore mixed with clay and sand. The 
whole of this mass has been washed. ‘‘In one place a 13 feet face of 
excavation gave 3 to 4 feet of surface soil and sienna-colored sandy-wash, 
the remainder below it being a sandy, whitish ochre, and sienna colored 
clay, streaked and marbled with red and brown, and some, not large 
lumps of ore. Scattered through the whole, in considerable quantity 
in some places, are small pieces of quartz which are picked out after the 
ore has passed over the trays. In another part of the diggings this quartz, 
from the size of shot to lumps 3 or 4 inches thick, is scattered through 
the mass.* Some masses of this quartz, of one or two cubic feet in size, 
lie about the quarry. 

‘Ina deeper part of the diggings where the face of iron and work 
measures 45 or 50 feet, in two heights of 15 and 30 to 35 feet, now being 
moved to the inclined plane for washing, the face is made up of sand and 
various colored clays holding ore, all of which is washed. Limestone 
appears at the bottom and pipe-ore has been found underneath it.”’ 


* Mr. Harden gives an analysis of this quartz: Water, 0.50, Silica, 96.00, Iron and 
alumina, 1.76, undetermined, 1.68. 
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Mr. Harden advises that the stripping of wash-ore be not carried on 
far in advance of the lifting of the rock and pipe-ore at the buttom ; be- 
cause, even where the farming interest does not interfere, such a plan 
‘*disturbs the equal distribution of dead work’’ and prevents tle re- 
jection of those parts of the stripping which do not pay well for washing. 
Ample room ought to be got early for lifting the entire mass of rich 
bottom ores. 


‘*With a good roomy open cutting the mass of wash ore should cost no 
more to move than so much ordinary excavation.’’ ‘‘The ore-earth is 
loaded into cars carrying 29} cubic feet, led by horses to the foot of the 
incline, 300 to 500 feet, whence it is lifted 37 feet on a grade of 14°, toa 
level with the washers, by a 12 inch cylinder steam engine, 2 foot stroke, 
a'd pair of 8 foot drums. The car load is again dragged 150 feet and 
dumped into the washing troughs, in which revolve three Archimedian 
screw-propeller shafts 20, 26, and 26 feet long respectively. The shafts 
are of decagonial timber, 15 inches in diameter on the facets of which 
are screwed cast iron blades. The ore travels 72 feet, and is dropped into 
two classifying screens, the sand and mud being floated otf to the settling 
dam. The screens have } inch and ,',; inch meshes. The ore falls on sheet 
iron trays where the quartz is picked out. The washers are driven by a 
16 inch cylinder engine, 54 inch stroke; the steam being generated in 
two double flue boilers 30 feet long and 40 inches in diameter. The water 
arrives by an aqueduct 2000 feet long mounted on tressels arranged along 
the top of the hill. It is fed by a pipe of 12 inch diameter laid up the 
hill side to a vertical height of 110 feet above a double Worthington 
pump with 20 inch steam and 15 inch water cylenders ; the fall of reser- 
voir is 1 foot in 250. The steam boilers for the pump are also 30 feet long 
by 40 inches diameter, driving also a Blake stone-crusher, used for the 
flux. 

The diyging of the ore is said to be done by contract at half the price 
of ordinary earth. 

Six cubic yards of earth has been found to produce an average of one 
ton of washed ore, the diggers being paid 16 cents per car-load of 29.58 
cubic feet 23.67 of solid earth. A cubie yard will therefore cost 18} 
cents and a ton of ore $1.09. The ore delivered at the furnace costing 

2, there remains 91 cents for leading, raising, washing, picking and 
delivery. 

But the great economy of this operation can be duly realized only by 
remembering that the earth washed and ore utilized is that which under 
any other circumstances would be dumped on one side as ‘‘spoil,’’ and as 
such chargeable against the lower and better ore. ‘‘ Seeing also that in so 
utilizing this (otherwise) refuse just so much dead charge is removed, we 
are led to anticipate a less costly production of the ore which follows it ; 
and we have ground for contemplating equally favorable results at other 
banks, the same course being pursued.”’ 

The Furnace stands under the high bank of Spruce Creek, with its 
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village occupying the upper slopes on both sides of the Creek, and the 
farms stretching south and east to the foot of the mountain. It is a stack 
43 feet high, 94 feet across the boshes, 48 inch tunnel, slope of boshes 68°, 
hearth 54 feet high, 48 inches wide at top and 30 inches au the bottom, with 
two cold air tuyeres, fed from blowing-tubs 6.4 long, driven by a 16 inch 
cylinder engine, 4} feet stroke. A Cameron blast 22 inch steam cylinder 
and 6 5 feet blowing-tub is held in reserve. Steam is generated in three 
30 feet cylinders, 42 inches in diameter, fed with Creek water by a No. 4 
Cameron steam pump, with a No. 8 Earl steam pumpin reserve. Another 
steam-engine drives three lathes. 

The uniform yield of the furnace has been 100 tons per week. It is 
now changed to hotblast, by the recent erection of a Pleyer oven 17 5x24 
feet, with six tiers of pipes, in a building 17 12. 


THE FOSSIL ORE BELT. 


On the north-west flank of the Bald Eagle Mountain the Medina Red 
Sand-stone and the Clinton Red Shales and Marls, all standing vertical 
at the out-crop, (see figs. 1, 2, 3, 4,) bring up to the surface the Upper 
Soft and Lower Hard Fossil Ore Beds, long and extensively worked at 
Frankstown in Blair County, 15 miles south of Tyrone City. 

One or other of these out-crops may be noticed at three points marked 
on the west flank of the Bald Eagle Mountain in the Large Topographi- 
cal Map accompanying this report. 

On a separate and smaller Map of the same Mountain, continued to the 
south of Tyrone under the local name of Brush Mountain, both out-crops 
may be seen in the same relative positions. 

On the sheet containing this smaller Map are three geological cross 
sections, two of which show the vertical attitude of the fossil ore-beds at 
Tyrone City Gap, and the third their more inclined attitude at Dysarts 
Mine, at the south limit of Lyon, Shorb & Co.’s lands, four miles south 
of Tyrone City Gap. By the time the beds reach Frankstown they get 
to be nearly horisontal. Beyond Hollidaysburg they become vertical 
again, owing to the Morrison’s Cove fault (which exactly simulates the 
Bellefonte fault), and again they die away to the horisontal on Dunnings 
Creek. At Bedford they are again vertical ; and so they alternately 
stand and fall through Virginia and Tennessee. 

In the other direction from Tyrone City, north-eastward, the vertical 
attitude of the fossil ore-beds is pretty well maintained for forty miles ; 
past Bellefonte, Lock Haven and Wilkesbarre, to Muncy, where they fold 
almost horisontally around the east end of the Bald Eagle (Muncy) 
Mountain. 

Wherever the out-crops of the fossil ore-beds of No. V. have been ex- 
amined, along their out-crops to the north-east of the Tyrone neighbor- 
hood, they have been found too thin to work; at least, for cold blast 
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charcoal furnace use, in the presence of the magnificent deposits of brown 
hematite in the Lower Silurian Limestones (No. II). 

But from the neighborhood of Tyrone City Gap southward, past 
Frankstown, Holidaysburg and Bedford, they have paid well for mining, 
and continue to furnish an apparently inexhaustible fund of 30 per cent. 
to 40 per cent. ore to the large coke-furnaces of Blair and Cambria 
Counties. 

By comparing my larger topographical Map with Mr. Lowrie’s Land 
Map it will be seen that the out-crops of Fossil Ore on Lyon, Shorb & 
Co.’s lands range in an unbroken line from the Abner Webb tract to the 
Shippen tract, a distance of ten and a half (10}) miles, and always in an 
attitude nearly or quite vertical ; falling off at the south end to 60° W. 
N.W. 

The geological order of the bedsat Frankstown, where they are exten- 
sively mined, is by careful measurement as follows : 

Red Shale of No. VY. (Clinton Group.) 
Soft fossil ore, small single bed, 3 to 8 inches. 
Red Shale, 100 feet. 
. Soft fossil ore-bed. ) 
Yellow ochre, 10 feet. » In all 25 to 40 inches. 
Soft fossil double ore-bed. 
Red shales and some thin sand stones, 400 feet. 
Chocolate slates, 20 feet. 
Frankstown main soft ore-bed, 14 to 16 inches. 
Grey and dove colored slates, 17 feet. 
Red sand stones and shales, 155 feet. 
. Hard fossil ore-bed, about 10 feet. 
Red and grey sand stones of IV, to the crest of the Mountain, say 700 
feet. 
@. HARD FOSSIL ORE BED. 


This is a layer of sand charged with peroxide of iron and full of minute 
fossil shells and encrinal discs the calcareous parts of which are dissolved 
away. It forms a bed of ore yielding by analysis about 30 per cent. of 
iron ; and in the furnace 3} to 3} tons of it make a ton of metal, always 
cold-short, and therefore chiefly valuable when mixed in proper propor- 
tions with other ores. 

Prof. Persifor Frazer’s analysis of specimens taken from the middle 
bench in Dysart’s Mine recently opened (see smaller Map), made for me 
in his laboratory in the University of Pennsylvania, is as follows : 

Specific gravity : 3.26. 
Sesquioxide of iron. 38. Y Metallic iron 
5 


Protoxide of iron 80.3 


SO a a a ee 9.56 
I dicks Splchigiti Ghai ea alins a vidsiwe Cee a wad «aie 1.08 
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Magnesia. ... Soo vies . +e trace. 
Alkalies. . Sebtvadneabuet i era ae 
Phosphoric Acid 

Sulphur 0.05 (trace.) 


Loss by ignition 


100.00 


At Howard Furnace the ore was analysed, &c., some years ago and 
found to contain 28 per cent. of iron. 

The bed was here found standing at 80° towards the N. N. W. avd 
only 22 inches thick. 

In the end of the Mountain south of Tyrone City this bed has been re- 
cently opened at a height of 260 feet (by barometer) above the Juniata 
River, the slope of the surface being 40°, andthe pitch of the bed at the 
out-crop 60° into the mountain (S. E). But this is due to the creep of 
the out-crop down hill. The body of the bed stands vertical. 

There is 6} feet of rock-ore between overlying sandy shales and under- 
lying foot shales ; only the upper 22 inches of the bed in six plies is here 
workable. 

At Dysart’s, 4 miles south of Tyrone city, a tunnel 20 feet long, 575 
feet (bar.) above the level of the Juniata, strikes the bed pitching 50° to 


60° (at the two headings, right and left)* towards the N. 50° W. About 
six feet of ore is here mined and sent to Pittsburgh, via. Tipton Station 
on the Pennsylvania Railroad at the foot of the mountain opposite the 


mine. 
At the heading in Oct. 1873 was seen the following order of layers : 


Fossil ore, at mouth of tunnel in soft rotten shale.............. 6 inches. 
Rock in tunnel 16 feet. 
‘¢ 5 inches. 
“ce 10 ““ 
Clay parting a 
Hard fossil ore oe ee 
Soft shale floor rotted into compact mud, the water bearing stratum. 


In October 1873 a Pittsburgh furnace was doing good work mixing } of 
this Tipton (Dysart) ore with ? of a very pure ore, deficient in silica and 
alumina, which deficiency the hard fossil ore supplied; and that, without 
any marked prejudice to the run of the furnace as to quantity, although 
two-thirds of the Tipton ore went below 40 per cent. and one-third below 
20 per cent. of iron; the Tipton ore making good cinder, and thus re- 
lieving a part of the pure ore from that duty. The quality of the pig- 
metal produced after the mixture was adopted remained unchanged. 

This aspect of the future utility of this lowest deposit a of the fossil 
ore series of N. V. is important. 

At Frankstown the bed sometimes reaches a thickness of ten feet. 


* Higher up, red sandstone at the surface dips 78°. 
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On the southeast flank of Tussey Mountain at R. H. Powell’s mines, 
ten miles southeast of Frankstown, the same bed varies from 15 to 25 
feet in thickness, and shows three well-marked benches, an upper and a 
lower of sandy rock ore, and a middle bench, 5 or 6 feet thick, of soft 
rich fossil ore, which is mined by the Cambria Iron Co. and transported 
in large quantities nimety (90) miles by railroad via. Huntiogdon and 
Tyrone city across the Alleghany Mountain to the Company’s furnaces 
at Johnstown in Cambria County, for mixing with coal-measure ores 
(mined back of the furnaces) and high grade ores from Lake Superior 
and Missouri. 

This is another practical evidence of the importance of this deposit to 
the pig-metal make in America, 

The bed is absolutely continuous and uninterrupted. Its outcrop can 
always be found at a well-defined elevation on the flank of the Upper 
Silurian Mountain, and about two-thirds of the distance from the base 
towards the summit. But the bed is very variable in thickness even in 
distances of a few hundred yards, and ought to be opened in many places 
along its run of nearly eleven miles through Lyon, Shorb & Company’s 
lands, before any extensive mining plaut is made. 

Its solid contents above water level is very large. Southwest of the 
Tyrone gap it contains above water level from one to three million cubic 
yards of ore, according as its thickness varies from three to nine feet. 
Northeast of the gap, it contains one to two millions more, allowing for 
the probable general thinning of the bed in that direction; but as ex- 
perience has taught us that sections of its outcrop are very likely to show 
an exceptionally great thickness, the estimate may be indefinitely in- 
creased. 

Along the whole 10} miles of outcrop it runs parallel to and within less 
than a mile of first-class railways, (the Pennsylvania Railway, and the 
Bald Eagle Valley Railway,) which offer facilities for distributing it to 
furnaces in northern, eastern, and western Pennsylvania. It is also 
exposed on both sides of the Tyrone Gap, on the line of the Pennsylvania 
Railroad, so that a main gangway a mile long can be driven in just high 
enough above grade to allow of shutes on a siding. 

This bed in its descent beneath the surface and water level probably 
suffers no such change as that which the soft fossil ores (to be next 
described) sufter, and it can therefore be mined hereafter to an indefinite 
distance downwards by shafts and slopes. This fact adds many millions 
of tons of available ore to the estimate given above. 


Sort Fosstr OrE BeEps. 


About 40 inches of this ore may be looked for along its outcrop where- 
ever the deposit c, d, is in good order. Sometimes its three beds are near 
enough to mine in one gallery. Oftentimes one or another of them is want- 
ing. Often they lie ten, twelve or more feet asunder. The variations are 
frequent and rapid. Several hundred feet beneath the triple bed ¢, d, 
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occurs at Frankstown bed 3, so thick as to be called there the main bed. 
A hundred feet above the triple bed c, d, at Frankstown is still another 
layer a few inches thick. 

It is important to note the order in which these deposits occur to the 
explorer descending the mountain side from the outcrop of the hard 
fossil ore, because it is very evident, that the occasional openings made 
along the range on one or other of the three principal soft fossil ore out- 
crops, viz. b;—c, d;—e;—are very misleading. The Bald Eagle Moun- 
tain was for many years condemned by geologists as destitute of workable 
fossil ore, because the number of beds was not known ; no comparison 
of localities was made ; no complete section down the mountain slope, at 
any one place. Since the different beds vary in thickness constantly 
and rapidly, and apparently under a law which may be rudely stated 
thus : when one bed thickens it is at the expense of the others, as if there 
was but a certain quantity of iron at command and sometimes one bed 
would get more than its share, and sometimes another,—it follows that 
the value of any tract on the mountain side can be determined only after 
a thorough trial of all three (five) outcrops of soft fossil ore has been 
made ; and in no instance has this been done, in the range of 10} miles 
upon the Lyon, Shorb & Co.’slands, nor between them and Frankstown, 
nor east of them. 

Every road decending the west face of the mountain exposes one or 
more of these outcrops ; the highest (lowest geologically) being always 
50 or 60 yards below the hard fossil outcrop, where the sandstones of the 
crest commence. 

The red sandstones of the crest and first steep pitch of mountain side 
between the crest and the hard fossil outcrop, send a multitude of frag- 
ments down over the soft yellow and red shales forming the middle slope 
of the mountain, and under these the soft fossil outcrops lie concealed. 
The gentle foot-slopes of the mountain are occupied by limestones, 
marls and red shales. 

One of the soft fossil beds has been opened 1,300 yards northeast of 
Tyrone city, as shown on the Brush Mountain map accompanying this 
report, at an elevation of 370 feet above Railroad grade. A limestone 
bed crops out 70 yards down the slope (above it geographically) at 320 
feet above railroad grade. The ore-bed is opened by a tunnel and ‘‘is 18 
inches thick,’’ including some thin layers of ferriferous fossil limestone. 
It stands “‘ vertical,’’ or overturned slightly so as to dip into the moun- 
tain in a direction 8. 48° E. 

Nothing is known of the other beds. 

Experience at Danville and Bloomsburg in Eastern Pennsylvania has 
proved that the soft fossil ore can be extensively mined when only 16 or 
18 inches thick (on a general average of the workings) as may be seen 
by reference to the very important chapter written on this subject by 
Prof. H. D. Rogers at page 440 and onward in the first volume of the 
Final Report of the Geology of Pennsylvania. Experience at Franks- 
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town has been similar. But at these localities the gentle dip has its 
bearing upon the economy of miaing, and perhaps upon the question of 
depth to which the soflening of the fossil limestone into soft fossil ore has 
gone. I say perhaps, because it was Mr. Rogers’ fixed opinion that the 
fossil ore would not be found fit for mining operations along those runs 
of outcrop where the beds stood at a steep angle, or vertical. This 
opinion must be set aside, since the long horisontal gangways, at water 
level, at Bedford, have yielded the soft ore in a perfect condition at a 
depth of several hundred feet vertically beneath the outcrop. 

It is safe therefore to expect, in the ten or eleven miles of ore-range 
to find one or more of the beds at other place, of workable thickness 
and in good condition, with an average breast above water level of from 
200 to 400 feet. If only 18 inches of proper ore can be got from all five 
beds, along the whole 10} miles, there exists practically 925,000 cubic 
yards of the ore above water level. If the average thicknesses mined 
at Frankstown extend to Tyrone city, then there exists in the four 
miles of mountain side along the Pennsylvania Railway alone, and above 
water level alone, 42 to 64 inches 7,040 x 100 2,464,000 to 3,731,- 
200, say three millions of cubic yards of ore.* 

It is not to be expected that all the bedscan be mined at any one place ; 
but a million of tons of good merchantable soft fossil ore to be won from 
the southwest division of the Lyon, Shorb & Co.’s lands, above water level 
cannot be an unreasonable estimate. 

This ore is greatly esteemed and extensively used by all the furnaces 
of Pennsylvania which can get it. as an enriching flux for leaner iron- 
stones, and as afusable mixture for refractory highgrade magnetites. 
At Frankstown and elsewhere it has furnished the greater part of the 
burden ; and at other furnaces it is mixed in large proportions with 
brown hematites. It always holds lime in the condition of undissoived 
fossil shells, and works kindly with the sandy rock fossil (a) of the same 
(Upper Silurian) formation. 


Notre. March 4, 1874. Mr. Stewart has just made the important dis- 
covery, by running-in horisontally a monkey-drift, west of Tyrone Sta- 
tion, that four layers of soft fossil ore occur there in a space of seven 
feet, measuring respectively 18, 10, 5 and 2 inches. This affords nearly 
the normal quantity of 40 inches, and more than the quantity required 
for profitable exploitation. It is an especially important trial work, -in- 
asmuch as it casts an encouraging light on the untested and hitherto 
despised range of outcrop east of Tyrone. Oy Eo Tes 


* Mr. Rogers’ formula of 50,000 tons of ore from each running mile of outcrop was 
based upon his then assumed maximum depth of no more than 30 yards for the soft ore 
in a stratum 18 inches thick, two tons of ore going to a cubic yard. 

































Houston. ] 108 {Jan. 16, 


ON A SUPPOSED ALLOTROPIC MODIFICATION OF 
PHOSPHORUS. 


By Pror. Epwin J. Houston. 
Read before the American Philosophical Society, January 16, 1874.) 


In connection with Prof. Elihu Thomson, of the Artizan’s Night 
School, the author has undertaken a series of experiments, resulting, it 
is believed, in the discovery of a new allotropic modification of phos- 
phorus. 

It is well known that when phosphorus is boiled in strong solution of 
potassium hydrate, and then allowed to cool slowly, it retains its liquid 
state for some time; but that if shaken, or touched with a sharp point 
it instantly solidifies. 

We believe that in the cases heretofore observed, the property of 
retaining the liquid state is probably owing to the admixture with the 
ordinary phosphorus of an allotropic modification, having the property 
of retaining its liquid state indefinitely, and that, therefore, if this 
modification were obtained sufficiently pure, it would exhibit properties 
strikingly distinct from the common variety. We have undertaken the 
experiments, with the following results : 

Good stick phosphorus is taken, and boiled for some time in strong 
solution of potassium hydrate, and water occasionally added to replace 
that lost by evaporation. Care must be exercised, by cautious stirring, 
to prevent the melted phosphorus from being carried to the surface by 
bubbles of disengaged gas. After boiling for five or ten minutes, the 
liquid phosphorus is carefully washed by replacing the alkaline solution 
by a stream of cold water. In this way the hypo-phosphates are removed, 
as well as the liquid and gaseous hydrides of phosphorus. The liquid 
modification thus obtained possesses the following peculiarities, which 
we believe entitle it to a place as one of the allotropic states of phos- 
phorus : 

ist. That of retaining for an apparently indefinite time its liquid con- 
dition, at temperatures far below the melting-point of the ordinary 
material. A carefully prepared specimen has been kept by us beneath a 
water surface for the past four months. It is still in the liquid state, at 
the time of making this communication and seems to promise to keep 
this state fur an indefinite time. To make the retention of its liquidity 
still more striking, it may be remarked that the room in which the speci- 
men is preserved has been for several weeks without a fire, the tempera- 
ture probably reaching 40° F., a point far below the melting-point of 
ordinary phosphorus. The specimen in question was poured into a small 
test tube, and covered with about an inch of water. The test tube was 
then hung by a string in a place where it was secure from sudden jars or 
shaking. We have every reason for believing that this specimen, in 
common with numerous others experimented upon, will instantly solidify 
upon being touched. 

A specimen of the liquid modification was placed beneath a water 
surface, and exposed to artificial cold produced by the evaporation of 
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ether. It solidified at about 38° F. With larger specimens and under 
more favorable conditions, the reduction may possibly be carried stil} 
further. 

2d. Another peculiarity of the liquid modification is that of its non- 
oxidation when exposed to direct contact of air. 

3d. As a result of this last mentioned property, the ] quid does not 
shine in the dark. Ordinary and liquid phosphorus were exposed under 
the same circumstances to the air in a dark room. The common variety 
emitted the well known light, the other was entirely non-luminous. 

There result apparently two distinct varieties of solid phosphorus from 
the solidification of the liquid modification. One is tough and waxy, like 
the ordinary material, the other is quite brittle and crystalline. We have 
noticed that in all cases well prepared specimens of the liquid produced 
on solidification the second variety, while poor or indifferent ones the 
first. We, therefore, regard that from which the second is produced as 
the true liquid modification. 

The brittle crystalline solid thus produced conports itself somewhat 
differently from the ordinary variety. It oxidizes rapidly in the air, and 
raises its temperature so rapidly as to melt down into a liquid state, in 
which it is very easily inflammable. 

In order to test whether the liquid modification underwent any change 
of volume at the moment of solidification, the following experiment was 
made : A small specimen was placed in a test tube, and covered with 
water. A stout glass tube, having one end drawn out into a capillary, 
was inserted into a cork, and tightly placed in the tube, The whole 
apparatus was then filled with water to within an inch of the top of the 
capillary. No appreciable change of volume could be detected at the 
moment of solidification, though it is possible that the dimiaoution of 
bulk consequent on the passage from the liquid to the solid state, was 
exactly neutralized by the expansion produced through the heat developed 
by solidification. 

To test whether the temperature of the boiling point had any effect in 
producing the liquid modification, stick phosphorus was boiled in a con- 
centrated solution of zine chloride. The result was a variety which with 
difficulty retained its liquidity, and on cooling, exhibited the waxy texture 
of the ordinary material. A high boiling point cannot, therefore, be the 
cause of the change. 

Experiments were also made to ascertain whether the new modifica- 
tion were some compound of phosphorus with hydrogen. The result 
seemed to show this not to be the case. It may be mentioned incident- 
ally, that during the conduct of some of these experiments a fact not 
generally known was observed. Ina bulb blown in the middle of a glass 
tube small pieces of stick phosphorus were placed, and the ends of the 
tube were drawn out. One of these was placed in connection with a small 
hydrogen gason eter, and the phosphorus in the bulb melted by cautiously 
applied heat. Combination of course ensued, and there escaped from the 
free end of the tube a spontaneously inflammable hydride, whose tempera- 
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ture was so low as to render it incapable of igniting the free hydrogen 
issuing with it. After a jew moments’ heating, the tube was hermetically 
sealed. A liquid phosphorus was produced differing markedly from that 
obtained by boiling with caustic potash. It was very mobile, of a clear 
amber color, and on solidifying, assumed the tough, waxy state. 

The physical peculiarities exhibited by the modification which we have 
studied seem fairly to entitle it to a place as one of the allotropic condi- 
tions of phosphorus. Indeed, they are much more strongly marked than 
those upon which the elastic variety of sulphur are based. 


ABSTRACT OF THE REMARKS OF PROF. COPE AT THE 
MEETING OF THE AMERICAN PHILOSOPHICAL 
SOCIETY, JANUARY 16, 1874. 

An analysis of the osteotology of the extinct ruminant Poébrotherium 
(Leidy), from the Miocene of the Western territories, determines some 
interesting relations to the living and extinct members of the order. The 
cervical vertebra indicate affinity to the Camelide, and there is nothing 
in the remainder of the structure to contradict such relation. The separa- 
tion of the 08 trapezoides is found in the camels, and very few others only 
among Ruminantia, but in the presence of the trapezium, Poébrotherium 
shows relationships to more ancient types, as Anoplotheriide, &c. The 
reduction of the digits to two, and the separation of the metacarpals, 
point in the same direction ; indeed, the number of carpals and meta- 
carpals is precisely as in Xiphodon. But the mutual relations of these 
bones are quife different from what exists in that genus, and is rather 
that of the Camelide and other Ruminants, or what Kowalevsky has 
called the ‘‘ adaptive type.’’ This author has seen in the genus Gelocus, 
Aym., from the lowest Miocene or upper Eocene the ancestor of a number 
of the types of the order, but among these he does not include the Came- 
lide. The present genus is a more generalized type than Gelocus, in its 
separate trapezoid and distinct metacarpals, and represents an early stage 
in the developmental history of that genus. It also presents affinity to 
an earlier type than the 7ragulide, which sometimes have the divided 
metacarpals, but the trapezoides and magnum co-ossified. In fact, Poé- 
brotherium as direct ancestor of the camels, indicates that the existing 
Ruminantia were derived from three lines, represented by the genera 
Gelocus for the typical forms, Poébrotherium for the camels, and J/yae- 
moschus for the Tragulide. The first of these genera cannot have been 
derived from the second, on account of the cameloid cervical vertebrz of 
the latter, and all three must be traced to the source whence were derived 

also the Anoplotheriide, perhaps the little known Dichodontide, 

The two distinct metacarpals, separate trapezium*and trapezoides, 
cameloid cervical vertebra, and dentition characterize this type as a 
peculiar family, which may be called Poébrotheriide, The genus from 
which it takes its name was originally referred by Leidy to the Camelide. 
The genera I/ypertragulus, Cope; Leptomeryz, Leidy ; and Hypisodus 
Cope, are probably Tragulida. 


a 
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ORIGIN OF ATTRACTIVE FORCE. 
By Pror. Puiny EARLE CHASE. 
(Read before the American Philosophical Society, February 6th, 1874.) 


The theoretical cycles and epicycles of Ptolemy and his predecessors, 
the vortices of Descartes, the zther of Newton, were all suggested by an 
instinctive search for some simple primitive form or cause of motion. 

Gravitation is supposed to act under uniform laws in all parts of the 
universe, and many attempts have been made to refer it to some form of 
ethereal undulation. Its proportionality, directly to the mass and in- 
versely to the square of the distance, may be readily accounted for on 
the hypothesis that it is the resultant of infinitesimal impulses, moving 
with a uniform velocity. 

Prof. Stephen Alexander has supposed that the Star System, of which 
our Sun is‘a member, is a spiral with several branches. The logarithmic 
parabola between « Centauri and the Sun, which I have pointed 
out as controlling the positions of the planets,* confirms this hypothesis, 
and also furnishes evidence of a material, elastic, slightly compressible 
zther. 

In the spherical undulations of such an ether, propagated like the 
waves of light, the perimetral disturbance must be =z times as great as 
the synchronous diametral disturbance. 

Under the action of central forces, in consequence of the synchronism 
in all orbits of the same major axis : 

1. A body would describe a circular orbit in the same time that it would 
oscillate through the centre, over a space equivalent to two diameters. 


The velocity of the circular oscillation would therefore be * of the mean 


velocity of the radial oscillation. 

2. A body would oscillate from a circumference to the centre and re- 
turn, in (})* of the time of orbital revolution. 

l 

3. A body would oscillate through a diameter and return in (})? of 
the time of orbital revolution, or in the time which would be required 
for revolution through the same orbit, with the velocity acquired by in- 
finite impulsion to the circumference. 

4. If the velocity of orbital approach to a focus of central force is so 
retarded, by collisions or otherwise, as to change the orbit from a para- 


bola to a circle, the velocity of the circular oscillation will be * of the 


mean velocity of the retarded radial oscillation. 

Let us suppose that the planetary groupings, as well as the velocities 
of planetary revolution, solar and planetary rotation, and solar motion in 
space, are all resultants of successive infinitesimal impulses, moving with 
a uniform velocity, and propagated through the medium of a universal 
zether. 


* Proc. A. P. 8., Sept. 20, 1872. 
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If, in consequence of points of inertia, centripetal undulations are es- 
tablished, resulting in a motion of «thereal particles around the centres 
of inertia, and an accompanying impulsion of denser particles towards 
the centres, the mean velocity of the circular motion would be one-half 
as great as that of the originating impulse, and - as great as the mean 
velocity of centripetal impulsion. 

If a homogeneous rotating globe were aggregated under such centri- 
petal impulsion, the angular orbital velocities of all the particles of the 
globe would be equally retarded. Rotation is, therefore, merely retarded 
revolution, and in endeavoring to trace them both to their source, we 
should compare them at the point of equality. 


We know that the hypothetical universal medium is susceptible of 
undulations, which are prupagated with the velocity of light. Therefore 
let— 


" velocity of light, 2 X hypothetical mean velocity of xthereal 
primary rotation, the velocity communicable by the infinitesi- 
mal impulses varying between 0 and V4. 


v* : ‘ ‘ s 
x mean velocity of a perpetual radial oscillation, syn- 
=. 
chronous with a circular orbital oscillation having a velocity 
Vv’ 
» z 


velocity of planetary revolution at the Sun’s equator, under 
the volume due to internal work. 


velocity of solar equatorial rotation, under the volume due 


to internal work, mean velocity of an oscillation through 
Jupiter’s radius vector synchronous with Jupiter’s revolation 
around the Sun; Sun and Jupiter being regarded as constitu- 
ting a binary Star. 


pu mean velocity of a perpetual radial, or infinitely eccen- 
tric oscillation, synchronous with the revolution of the binary 
Star around its centre of gravity (374335329 seconds) — mean 
velocity of the binary Star in space. 

T’,T” time of revolution, rotation, for V’, V’’. 

v7.0" = ” an _ Earth. 

2’, rl! “6 ” a Jupiter. 


, 


av’ oy ey’ . . 
a oer te equatorial g, at Sun, Earth, Jupiter. 
TT" t’’ zl 


¥ 


ratio of the integral of infinitesimal impulses during revolution in 


a circular orbit, <”, to the integral of similar impulses during 
fall from circumference to centre of same orbit. 
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al 
sy — Neptune’s mean heliocentric distanc2, in units of Earth’s mean 
distance. 
yz = Saturn's mean distance. 
ant 
72 Asteroidal mean distance, or twice the mean distance of Mars. 
yz == Earth’s secular mean perihelion distance. 
yz == Mercury’s 6 6 66 
te 
; Major axis of Sun’s orbit about centre of gravity of binary Star. 


Heliocentric distance of linear centre of oscillation of secular mean 
perihelion centre of gravity of the binary Star. 


The ritio of V’ to V” was determined by supposing Sun’s radius to 
1 


vary from r to n’r. In such case, V’x ,; VX 5 2. 
In the following table, A represents the theoretical values of T’’ and 


> 


V’’ as estimated from V4; B, from Jupiter’s distance ( vi ) C, 
the observed values. For T’’, C is the mean of the six several estimates 
by Bianchi and Laugier, Lelambre, Petersen, Spérer, Carrington, and 
Faye. The Sun's annual motion is given in units of Earth’s radius 
vector, C being Struve’s estimate. For V’, A, B, C, are respectively 
deduced from g at Sun, Earth, Jupiter. 


A B. C 
fir ees eee ecccee 2203645 sec. 2163907 sec. 2162802 sec. 
W vemteley Mh aweeece 265.66 mi. 261.79 mi. 261.56 mi. 
OV 9 X PP sass. oes 1.678 r.v. 1.754 r.v. 1.623 r.v. 


The slight discrepancies in these values seem to be attributable to the 
mean orbital eccentricity of the binary Star, but they are all within the 
limits of uncertainty of observation. The heliocentric distance of the 
mean perihelion centre of gravity of the binary Star, is 1.0188 x solar 
radius ; Jupiter’s mean orbital eccentricity is .04316. 

The correspendence betweea the theoretical and observed values of the 

¥v 

_ series is given below, in units of Sun’s radius, It is specially notice- 
able that the series groups the principal planets into pairs. The values 
of the secular mean apsides are taken from Stockwell’s ‘f Memoir on the 
secular variations of the orbits of the eight principal planets.’’ 


Theoretical. Observed, 
Te, WN s 0 650 c's 0d cnn 6450.776 6453. 731 
Saturn ©  Sepedaygaeesepdn 2053.346 2049.514 
Asteroid <<Go Naeeaeee 653.600 654.760 
Earth, perihelion.............. 208.048 207.583 
BON aie seivasccese. 66.224 68.483 
ee ere ery 2.136 2,132 
Primary centre oscillation....... .679 .679 


Oo 
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ON THE LATENT HEAT OF EXPANSION IN CONNECTION 
WITH THE LUMINOSITY OF METEORS, ETC. 


By B. V. Marsu. 
Read before the American Philosophical Society, March 6, 1874.) 


In 1863, in a paper published in Silliman’s Journal (vol. xxvi. p 92), 
I attempted to show that the luminosity of meteors is probably due to 
the effects of latent heat. 

An abstract of my results was made by the ‘‘ Luminous Meteor’? Com- 
mittee of the British Association, and published in 1864 with their 
report. The paper was also favorably referred to by Haidinger ;* but 
it evidently has not been accepted as furnishing a satisfactory solution 
of the problem. 

My explanation was based upon the assumption that when air is heated 
‘‘under a constant pressure,’’ the heat required to produce a given 
elevation of temperature, in excess of that required to produce the same 
remains latent in the 


” 


change of temperature ‘‘ under a constant volume, 
expanded air. But according to the dynamical theory of heat, the most 
of this excess is employed in lifting the weight of the atmosphere ; a 
glance, however, at the tabular statement in my paper, shows that a very 
small fraction only of this excess is actually required to produce all the 
effects which I attributed to it. Hence, although ‘latent heat of 
expansion ’’ seems to be generally ignored, I have always—in view of 
the remarkable correspondence of the observed phenomena with what 
might be expected to occur, supposing my explanation to be correct— 
felt an assurance that it must have some foundation in truth. The fire- 
balls of December 24th and January 2d having prompted me to re-examine 
the question, I find this impression strongly confirmed, and therefore 
venture again to call attention to the subject, hoping to make it appear 
probable, not only that “latent heat of expansion”’ is a reality, but that 
it plays a leading part in all the luminous phenomena of the upper 
regions of the atmosphere. 

Tyndall, in his treatise on ‘‘ Heat as a Mode of Motion’’ (New York, 


* Memoire sur les relations qui existent entre les étoiles filantes, les bolides, et les 
essaims des météorites; par M. Haidinger, Associé de l’Académie— Bulletins de 
l’Academie Royale de Bruxelles, 2e series, T. XVII., 1864, p. 133 ‘*‘M. Quetelet, dans 
son important ouvrage sur la Physique du Globe, publié en 1861 (p. 5), désigne ces 
couches par les noms d’atmosphere mobile ou dynamique, et d’atmosphere immobile 
ou stable. Les considerations publieés par M. Benjamin V. Marsh dans 1lé journal 
americain du Professeur Silliman ont grande importance relativement A l’existance de 
leux couches atmosphériques de nature différente.”’ 
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1863, p. 83), says: ‘‘ Let C be a cylindrical vessel, with a base one square 
foot in area. Let P P mark the upper surface of 

P®) P® a cubic foot of air at a temperature of 32° F. 

The height A P will then be a foot. Let the air 
be heated till the volume is doubled. To effect 
this it must, as before explained, be raised 490° F. 
in temperature, and, when expanded, its upper 
P2 _|pz surface will stand at P' P', one foot above its 
initial position. But in rising from P P to P' P', 
it has forced back the atmosphere, which exerts 
a pressure of 15 lbs. on every square inch of its 
upper surface; in other words, it has lifted a 
weight of 144 « 15 = 2,160 lbs. to a height of 
one foot. 
The capacity for heat of the air thus expanding 
is 0.24; water being unity. The weight of our 
cubic foot of air is 1.29 oz., hence the quantity 
of heat required to raise 1.29 oz. of air 490° F. 
would raise a little less than one fourth of that 
weight of water 490°. The exact quantity of 
C water equivalent to our 1°29 oz. of air is 1.29 
0.24 = 0.31 0z. But 0.31 oz. of water heated to 

;A 490° is equal to 152 oz., or 9} lbs heated 1 
Thus the heat imparted to our eubie foot of air, 
in order to double its volume and enable it to lift a weight of 2,160 lbs. 
one foot high, would be competent to raise 9} lbs. of water one degree in 


P saith tai a cee be Ip 


temperature. 

The air has been heated under a constant pressure, and we have learned 
that the quantity of heat necessary to raise the temperature of a gas 
under constant pressure a certain number of degrees, is to that required to 
raise the gas to the same temperature zhen its volume is kept constant, 
in proportion of 1.42 :1; hence we have the statement 1.42 :1—9.5 Ibs. : 6.7 
lbs., which shows that the quantity of heat necessary to augment the 
temperature of one cubic foot of air, at a constant volume, 490°, would 
heat 6.7 lbs. of water one degree. 

Deducting 6.7 lbs. from 9.5 lbs., we find that the excess of beat im- 
parted to the air, in the case when it is permitted to expand, is com- 
petent to raise 2.8 lbs. of water one degree in temperature. 

As explained already, this excess is employed to lift the weight of 
2,160 lbs. one foot high. Dividing 2,160 lbs. by 2.8, we find that a 
quantity of heat sufficient to raise one pound of water one degree*F. in 
temperature, is competent to raise a weight of 771.4 lbs. a foot high. 

This method of calculating the mechanical equivalent of heat was 
followed by Dr. Mayer, a physician of Heilbron, Germany, in the sprir g 
of 1842.”’ 

Now, since equal additions of heatmake equal additions of volume, this 
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process of heating and expanding might be continued indefinitely, with 
like results. That is to say, P', P*, P®, &c., being at intervals of one 
foot, the upper surface of the air will stand at P? when the temperature 
has risen twice 490° ; at P® when it has risen three times 490° F., and so 
on; one volume being added for each rise of 490° in temperature, and 
the expenditure of heat being the same for each. 

If we take for our unit, the heat required to raise the temperature of 
one volume of air 1° under constant volume, the total expenditure of 
heat whilst one volume is added to the bulk, will be 490° « 1.4—686°; and 
the heat expended, in excess of that required to produce the elevation of 
temperature alone, will be 686°—490°—196°, 

This expenditure has enabled the air to accomplish two results ; to lift 
2160 Ibs. one foot high, and to fill an additional volume. Prof. Tyndall 
assumes that the space-filling was accomplished without the expenditure 
of any force whatever, and that the whole 196° were employed in lifting 
the weight. But, inasmuch as this may be considered an open question, 
we will take x to represent the heat, if any, employed in producing and 
maintaining the change of bulk ; that is to say, the ‘‘latent heat of ex- 
pansion ;’’ and proceed to consider what must be the relation of latent 
heat to volume, independently of any particular value of x. 

Since both the expenditure of heat, and the weight lifted, are precisely 
the same, during the addition of each volume, the remainder,— repre- 
sented by x—must also be the same. Hence, when one volume has ex- 
panded so as to fill 
2 vols.—these contain x degrees of latent heat, the No. in each being $x 
3 “ 2x “ 66 . 

i. m 3x “ » 
100. * " 99x 6s 7 
and so on. 


Whence it appears that the less the density of the air, the greater will 
be the amount of latent heat, in a given volume; although, for air of 
considerable rarity, the change is so slight that the latent heat per 
volume may be considered as sensibly constant. We have treated only 
of the heat rendered latent during the expansion of air of standard 
density, which must already contain latent heat. If, however, we start 
from the liquid condition of air, a similar train of reasoning leads to the 
conclusion, that the total amount of latent heat per volume is absolutely 
the same for air of all densities. It must also be the same for all tempera- 
tures. For if, when the surface of the air is at P' we suppose the top of 
the vdssel to be prevented from moving, and the whole to be cooled down 
until the temperature of the air returns to 32°—the specific heat under 
constant volume being the same for all temperatures—the heat given out 
during each degree of cooling will be the same ; being exactly equal to 
that which, under constant volume, would be required to raise the tem- 
perature one degree. Consequently, the latent heat must remain un- 
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changed during the process. In other words, the latent heat is inde- 
pendent of temperature, and is therefore the same per volume for air of 
any given density, whatever may be its temperature or previous history. 

Hence, as this heat represents the force which is employed in main- 
taining the volume of the air, and as its amount depends upon the volume 
alone, it may perhaps more properly be termed the “latent heat of 
volume ’’—or briefly, the ‘‘ volume heat” of air. 

It is evident that we may readily determine, in terms of x, the amount 
of latent heat (in excess of that rendered latent between the liquid condi- 
tion and the standard pressure) contained in a given volume, or in a given 
‘weight, of the atmosphere at any height. The known law of variation of 
density is such that at the height of 3.43 miles the density is half that 
at the level of the sea—at twice that height, }—at three times, 4, and so 
ou—the density diminishing in a geometric, as the height increases in an 
arithmetic ratio. Whence we see that one volume at sea-level, at the 
height of 


3.43 miles becomes 2 vols. —containing x deg. of latent heat the No. 


in each vol. being 4x 

6.86 ‘6 4 & ““ 8x ¢ ‘“é “cc 3x 

10.29 6é a & és Tx ‘6 ‘ec sé Ix 

34.30 “mys * “ie * wg se 40gex 
80 8 ‘ ~ we 1,048,675 

68.60 66 48,576 ‘6 RY! “ O10. 
) 1,048,576 1,048,575x 1 048, 676° 


and so on. 


The volume, and consequently the latent heat, of a given weight of air 
being doubled by each addition of 3.43 miles to the height, it is evident 
that each molecule of air, near the upper limits of the atmosphere, has, 
associated with it, an enormous amount of latent heat. But this need 
not excite great surprise : for when we consider that 4 of a grain of air at 
the surface of the earth occupies only one cubic inch, whilst at the height 
of one hundred miles the same occupies one thousand millions of cubic 
inches, every part filled completely and equably, each molecule being held 
in its place’ at a certain definite distance from its fellows, we cannot 
doubt that it has abundant use for all its stores of energy, in constructing 
and maintaining the framework of this vast edifice ; unless, indeed, we 
conclude that space-filling is a kind of work which—unlike every other— 
does itself. 

We may form some idea of the value of x, by comparing the heat ex- 
pended with the work done, in the experiment already quoted from Tyn- 
dall. He shows that the expediture of heat, in excess of that required 
to raise the temperature under constant volume, is competent to raise 1 
the temperature of 2.8 lbs. of ‘water. If we take 772 foot-pounds as the 
mechanical equivalent, the same would be competent to raise 2.8 772 

2161.6 lbs. one foot high, showing an excess of 1.6 lbs. over the weight 
actually lifted. The amount of heat applicable to the work of expan- 
sion or space-filling, for this value of the equivalent, is therefore very 
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small. But there is some evidence in favor of a larger value of Joule’s 
equivalent, and, consequently, in favor of a larger value of x. 
In his final paper,* Joule announces the following results from his 
experiments : 
From 1st Series, consisting of 40 experiments from friction of 
water, value of equivalent. 772.692 
20 ‘* mercury 772,814 
30 6 66 775.352 
10 ** cast-iron 776.045 
10 66 66 773.930 
Whence we see that the mean result from the whole 110 ex- 
periments was 773.857 


reo 


Joule adds, ‘‘I consider that 772.692, the equivalent derived from the 
friction of water, is the most correct, both on account of the number of 
experiments tried, and the great capacity of the apparatus for heat ; and 
since, even in the friction of fluids, it was impossible entirely to 
avoid vibration, and the production of a slight sound, it is probable that 
the above number is slightly in excess ;’’ and he concludes by adopting 
772 as the most probable value. 

Now, inasmuch as, in the case of cast-iron, he had made an experimental 
determination of the heat expended in the production of sound, and had 
allowed for it; and since no further explanation is given, we must look 
upon his final conclusion as based upon the 40 experiments with water 
alone ; the fractional part being rejected in consideration of probable 
loss from the noise produced in that series of experiments. 

Although Joule thus ignored nearly two-thirds of a series of experi- 
ments, all of which had been conducted with equal care, and each of which 
would therefore seem to be entitled to some weight, he placed their results 
upon record; and we may certainly be permitted to inquire what conse- 
quences would have followed the adoption of the purely experimental 
value which the whole series indicated—773.857. 

Adopting this as the mechanical equivalent of heat, we find the force 
competent to lift 2.8 « 773.857 — 2166.8 lbs. one foot. Sut the weight 
actually lifted was 2160.0 lbs. one foot. Hence, a force competent to lift 
6.8 lbs. one foot has become latent, having been employed in producing 
and maintaining the expansion ; but, inasmuch as the quantity of heat 
necessary to augment the temperature of one cubic foot of air (weighing 
1.29 oz.) at a constant volume, 490°, would heat 6.7 lbs. of water 1°, it 
would be competent to lift 6.7 773.857 5184.8 lbs. one foot high ; 
whence we have the statement : 

Foot-pounds. Foot-pounds. 
as 5184.8 : 6.8 . 490° : 0.642° - x, showing that 
sufficient heat was rendered latent, to raise the temperature of the whole 
mass of air (1.29 oz.) at a constant volume, 0.642 degrees, 


* Philosophical Transactions 1850. 
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Owing to the uncertainty as to the exact ratio of the two specific heats 
of air, and as to the exact value of the mechanical equivalent of heat, 
an accurate determination of the value of x cannot yet be reached ; but 
since the above value is based upon the complete series of experiments 
made by Joule in 1849, it must be entitled to consideration as a first ap- 
proximation, and may be used to illustrate the action of latent heat in 
the production of luminous phenomena. 

But we are here met by the assertion of several standard writers, that 
he existence of latent heat of expansion was positively disproved by a 
Grtain experiment performed by Joule, who announced in the Philos 
Ohical Magazine for May, 1845, that ‘‘no change of temperature occurs 
Whn air is allowed to expand in such a manner as not to develop me- 
chaical power.”’ 

A‘hough the interpretation thus put upon Joule’s words seems to be 
perfetly natural and legitimate, an examination of the memoir in 
whiclhe describes his experiments, and announces this conclusion, seems 
to shor that he did not intend them to be so interpreted. 

ProfBalfour Stewart, in his ‘‘ Treatise on Heat ’’ (1871, p. 317) says : 
‘*Manyfamiliar experiments show that when a gas is suddenly com- 
pressed, here is a production of heat, and that when suddenly expanded 
there is a absorption of heat, 

Séguin od Mayer had already suggested the use of gases and vapors 
for the putose of determining the mechanical equivalent of heat ; and 
air, the sultance chosen by Mayer, was no doubt very good for such a 
purpose ; Néertheless, the suggestions of these philosophers du not seem 
to have beel accompanied with a clear appreciation of all the data 
necessiry to ‘complete proof. 

Joule, howeer, in his experiments, supplied what was wanting in 
order to derive, good determination of the mechanical equi:alent of heat 
from the knowWigaseous laws. By compressing air forcibly into a re- 
ceiver surround« by water he found that the water was considerably 
heated. It is nO however, correct to infer without further experiment 
that the amount ¢heat produced in this case is the exact equivalent of 
the energy expeD(q in compressing the air. A familiar instance will 
make this clear. Ba blow of a hammer upon a small quantity of fulmi- 
nating mercury, it exploded, and produces a considesable amount of 
heated gas, but we @ not at liberty to suppose that all the heat thus 
developed is merely ¢ mechanical equivalent of the energy of the blow, 
as will be evident by ypposing such an extreme case as a ton of fulmina- 
ting powder. . 

Evidently the substae is in a different molecularcondition at the end 
of the experiment and ; the beginning, and it may be supposed with 
much truth that the het produced is nearly all due to the conversion 
into a kinetic form of a Gtain potential energy present in the compound. 
Now in the experiment alye described, in which air is compressed, the 
air is evidently in a differ; molecular condition after compression, fur 





Marsh. } 1 20 {March 6, 


the particles are much nearer together. The first thing, therefore, is to 
determine how much, if any, of the heat produced may be due to this 
change of the molecular condition of the air, and how much to the work 
expended in compressing the air. 

The following very ingenious experiment performed by Joule is con- 
clusive in showing that the mere change of distance of the molecules 
of a permanent gas neither produces nor absorbs heat to an apprecia- 
ble extent. In the figure, we have two strong vessels, of which A 
contains compressed air, say under the pressure of 20 atmospheres ; B, 
on the other hand, is a vacuum. The two vessels are connected with each 
other by a tube having a stop-cock, which we may suppose to be shu. 
The whole apparatus is plunged into a vessel of water. After the tem- 
perature of the water has been very accurately ascertained, open fhe 
stop-cock, and thus allow both vessels to have the same pressure. 


When the experiment is finished it will be found that there is no change 
in the temperature of the water. The prevalent idea is that when air 
expands it becomes colder, and that when condensed it becomes hotter ; 
but Joule, by this experiment, has shown that no appreciable change of 
temperature occurs when air is allowed to expand in such a manner as 
not to develop mechanical power.’’ 

Prof. Tyndall (‘‘ Heat considered as a Mode of Motion’’—1863, p. 88,) in 
introducing this experiment, says: ‘Is it not pusgible to allow a gas to 
expand, without performing work? This question is answered by the 
following important experiment, which was first made by Gay-Lussac,”’ 
and, after describing it, he says ‘‘ We are taught by this experiment that 
mere rarefaction is not of itself sufficient to produce a lowering of the 
mean temperature of a mass of air. It was, and is still, a current notion, 
that the mere expansion of a gas produced refrigeration, no matter how 
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that expansion was effected. The coldness of the higher atmospheric 
regions was accounted for by reference to the expansion of the air. It 
was thought that what we have called the ‘‘ capacity for heat’’ was 
greater in the case of rarefied than of unrarefied gas. But the refrigera- 
tion which accompanies expansion is, in reality, due to the consumption 
of heat in the performance of work by the expanding gas. Where no 
work is performed there is no absolute refrigeration.”’ 

A sufficient answer to both these would seem to be found in the fact 
that the ‘‘vacuum’”’ spoken of*is stated by Joule to have been obtained 
by means of an air pump ; whence it appears that both vessels were filled 
with air; that in the exhausted receiver having already, during the pro- 
cess of exhaustion, absorbed and rendered latent, all the heat necessary 
for its expansion ; aud since we have already seen that the amount of 
latent heat in a given volume of air is almost entirely independent of 
density, we have no reason to look for any loss or gain of latent heat by 
the operation. The mixing of the two is quite as much a process of con- 
densation as of rarefaction ; in one receiver the air in expanding absorbs 
heat, whilst in the other the air being compressed gives out the heat which 
it had absorbed during the process of exhaustion—the two effects counter- 
balancing each other. The air, as a whole, just filled the two receivers 
at the beginning of the experiment, and it filled the same at the end; 
so that the effects of expansion and of condensation were completely 
eliminated : even more so than those of mechanical power, which Joule 
had especially in view when contriving this experiment. 

Whilst the above seems to show that this experiment proved nothing 
as to the existence or non-existence of latent heat of expansion, any one 
who will read Joule’s paper will probably be convinced that he never in- 
tended to claim that it did. He makes no allusion to any such question ; 
and the limit which he gives of the sensitiveness of his thermometer 
shows that an amount of heat seventy-five times as great as that which 
could be expected to be rendered latent by doubling the volume of only 
two quarts of air, of any density, would be required to produce any 
appreciable change in the temperature of the 16} lbs. of water through 
which, he tells us, it was distributed. He was dealing with mechanical 
power, and took care to have it in quantities large enough to be traced ; 
hisaim seeming to be, to solve the general question of their convertibility 
into heat, rather than to determine whether the results might, or might 
not, have been modified in some degree, by latent heat or other disturbing 
cause. 

These considerations seem to justify us in concluding that the question 
of the existence of ‘‘ latent heat of expansion ’’ has not been experiment- 
ally decided in the negative, and that we may therefore proceed to 
inquire into its applicability to the explanation of meteoric phenomena, * 

* When this paper was read, I was not aware of the language of Joule himself on this 
subject. Part 11. of the article ‘‘ On the Thermal Effects of Fluids in Motion,” by J. P. 
Joule and Prof. W. Thomson, (Transactions of the Royal Society, 1854, vol. 144 p. 337) 


speaking of the ‘* Relations between the Heat evolved and the Work spent in Compressing 
A. P. 8.—VOL. XIV. P 
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using the above value of x. But, the luminosity of meteors is usually 
attributed to atmospheric resistance. Kirkwood, in his Meteoric Astro- 
nomy (Philadelphia, 1867, p. 81), says: ‘‘Several hundred detonating 
meteors have been observed, and their average height at the instant of 
their first appearance has been found to exceed 90 miles. The great 
meteor of February 3d, 1856, seen at Brussels, Geneva, Paris, and else- 
where, was 150 miles high when first seen, and afew apparently well 
authenticated instances are known of a still greater elevation. We con- 
clude, therefore, from the evidence afferded by meteoric phenomena, 
that the beight of the atmosphere is certainly not less than 200 miles. 

It might be supposed, however, that the resistance of the air at such 
altitudes would not develop a sufficient amount of heat to give meteorites 
their brilliant appearance. This question has been discussed by Joule, 
Thomson, Haidinger, and Reichenbach, and may now be regarded as 
definitively settled. When the velocity of a meteorite is known, the 
quantity of heat produced by its motion through air of a given density 
is readily determined. The temperature acquired is the equivalent of the 
furce with which the atmospheric molecules are met by the moving body. 
This is about one degree F. for a velocity of 100 feet per second, and it 
varies directly as the square of the velocity. A velocity, therefore, of 
30 miles in a second would produce a temperature of 2,500,000°. The 
weight of 5,280 cubic feet of air at the earth’s surface is about 2,830,000 
grains, This, consequently, is the weight of a column one mile in length, 
and whose base or cross section is one square foot. The weight of a 
eolumn of the same dimensions at a height of 140 miles would be about 


’ 


a Gas kept at a constant temperature,”’ says, *- This relation is not a relation of simple 
mechanical equivalence, as was supposed by Mayer. * * * The first attempt to determine 
the relation in question for the case of air established an approximate equivalence with- 
out deciding how close it might be, or the direction of the discrepancy, if any. Thus ex- 
periments ‘*On the Changes of temperature produced by the Rarefaction and Condensa- 
tion of Air,’ (Philosophical Magazine, May, 1845) showed an approximate agreement 
between the heat evolved by compressing air into a strong copper vessel under water, 
and the heat generated by an equal expenditure of work in stirring a liquid ; and again 
conversely an approximate compensation of the cold of expansion when air in expanding 
spent all its work in stirring its own mass, by rushing through the narrow passage of a 
slightly opened stop-cock.”’ 

Whilst this language fully confirms my interpretation of Joule’s experiment, the 
inference drawn by the authors from their subsequent experiments upon air forced 
through a ‘*‘ porous plug,” composed of compressed cotton-wool or silk, is incompatible 
with the theory which I have advanced. They showed that when air was forced through 
such a plug, its temperature was lowered ; and that the cooling effect was in proportion 
to the difference in the pressure of the air, on the two sides of the plug. For reasons 
previously stated by Prof. Thomson, (Transactions of the Royal Society of Edinburgh, 
vol, xx., 1851) they assumed that this cooling effect represented the amount of heat 
rendered latent by expansion ; and hence concluded that this, also, varied directly as 
the ditterence of pressure, 

lt is, however, by nd means self-evident, that the mechanical energy of the condensed 
air would be exactly balanced—neither more nor less—by the work done in overcoming 
the friction of the plug, and thus completely isolate the effects of latent heat of expan- 
sion This being only a theoretical deduction, cought not to have the weight of a direct 
result from experiment. Hence, perhaps, the omission of Tyndall and of Stewart to 
allude to it. If standard writers thus fail to recognize it as conclusive, we may fair'y 
consider the subject as still open to discussion. 
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;so0yth of a grain. Hence, the heat acquired by a meteoric mass whose 
cross section is one square foot, in moving one mile, would be one grain 
raised 7! degrees, or one-fifth of a grain 2,500° in 70 miles. This 
temperature would undoubtedly be sufficient to render meteoric bodies 
brilliantly luminous.’’ 

The above is a very clear statement of the resistance theory, which is 
the only one which seems to have met with general acceptance. But 
when we consider that the heat resulting from the collision of the atmos- 
pheric molecules with the surface of the meteorite, being developed at 
that surface, must be to a great extent absorbed by the meteorite ; and 
that, in the case supposed above, a body more than one foot in diameter 
had to travel seventy miles, to develop heat competent to raise one-fifth 
of a grain to a temperature less than that of melting iron, we must con- 
clude that, at the height of 140 miles, the resistance theory utterly fails 
to account for any luminosity whatever. 

In order to give some definite form to tke discussion of the compara- 
tive effects of resistance and of latent heat in the production of meteoric 
luminosity, let us, with Kirkwood, suppose a globular meteor of one 
square foot section to enter the atmosphere with a velocity of thirty 
miles per second. 

In traveling one mile, it will sweep a cylindrical space one mile long 
containing 5280 cubic feet, all the air in which will be compressed to a 
density at least as great as that of air at the surface of the earth, and be 
carried forward in front of the meteor. When in approaching the earth 
denser strata are reached, some portion of the air will of course be 
merely pushed aside and left behind, the air piled up in a conical mass in 
front of the meteor, dividing the atmosphere, just as the sharp bow of a 
vessel divides the water and thus diminishes the resistance ; but at great 
heights, if the velocity be great, this effect may be neglected. 

Heat will be developed at the forward surface of the meteor, firstly—- 
from the resistance of the air, which converts into heat a portion of the ki- 
netic energy or motive power of the meteor ; its amount, at any given velo- 
city, depending upon the weight of the air met ; secondly—from the release 
of latent heat, the amount of which depends only on the dw/x of the air met. 

The mere mention of the fact that the heating power of ‘‘resistance’’ 
depends upon the weight ; and that of ‘‘latent heat’’ upon the bulk of 
the air encountered, shows the great advantage which the latter has at 
extreme heights. ‘‘ Latent heat’’ is at its maximum at the extreme 
upper limit of the atmosphere, where there is no appreciable weight of 
air to absorb the heat developed at the surface of the meteor. Its whole 
energies are therefore expended on the meteor, the surface layer of which 
may be so heated as to cause it to burst out in full splendor very soon 
after entering the atmosphere, and at a height where the weight of air 
encountered is so infinitesimally small that the effects of ‘ resistance ”’ 
are not perceptible : but no luminosity can be expected from either source 
until the heat developed is sufficient to produce incandescence, both in 
the surface layer of the meteor, and in its atmospheric envelope. 
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The comparative, as well as the absolute effects of ‘‘resistance’’ and 


of ‘‘latent heat’’ are illustrated in the accompanying tabular statement ; 
from which we see that at the height of 103 miles, the latent heat is suffi- 
cient to raise the temperature of all the air met, six hundred millions 
of degrees ; at sixty-eight miles, six hundred thousand degrees ; at fifty- 
one miles, twenty thousand degrees; at thirty-four miles, six hundred 


HEIGHT WEIGHT HEATING POWER HEATING/| HEATING POWER 
IN IN OF POWER OF or 
GRAINS LATENT HEAT LATENT HEAT RESISTANCE 
of air metin1 in1grainof air at difler- of air met in 1 of air met in 1 mile 
mile by meteor mile at any | ata velocity of 30 


1 square foot ent heights. considerable | miles per second. 
cross section. velocity. 


w al vy? 
— wx We ante 
gh , 9l 6414x7 72x0.24 


1491500 5 95754: 3138839377500 

20) 1855240 196175882730 

657; 1913216 6128260320 

21250, 1915028 191508134 

673200; 1915084 6313454 

21474800, 1915086 197296 

687195000, 1915086 6166 

21990233000, 1915086 192 
703687442000 1915086 
22517998137000 1915086 
720575940380000 1915086 
23058558092137000 1915086 


737873858948446000 1915086 


Explanation :—M = mass of air. v = velocity of meteor in feet. 
m == 3.43. nm = height in miles. 
w = number of grains of air in 5,280 cubic feet at level 
of the sea — 2,983,000. 
x = heat rendered latent by each addition of 1 vol. 
= 0,642° Fahr. 
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degrees (about the temperature of melting lead) ; whilst at the height of 
seventeen miles, the whole of the latent heat would be required to raise 
the temperature of the air only twenty degrees. From this it is evident 
that ‘‘latent heat’’ fails entirely as a source of luminosity at all heights 
below forty miles. On the other hand, whilst at great heights the effect 
of ‘‘resistance’ is insignificant and altogether inadequate to the pro- 
duction of any splendor, its power at the height of forty, or even of fifty 
miles, seems almost unlimited. ‘* Latent heat’? and ‘‘resistance”’ to- 
gether cover the whole field. Luminosity from ‘‘resistance’’ would 
commence at a height of eighty-five miles, more or less, according to 
velocity, and would increase rapidly with decrease of height, so that at 
the height of thirty-four miles it would be more than thirty thousand 
times as great as at eighty-five miles ; whilst ‘latent heat’? would cause 
the meteor to burst out in full splendor as soon as it had penetrated the 
atmosphere far enough to develop an amount of heat competent to vapor- 
ize its outer layer: and to disappear entirely, at a height of more than 
forty miles. 

It is a significant fact, that very few meteors have been known to re- 
tain their luminosity below that point. Indeed, whilst some of the 
’ alone cannot afford any 
explanation whatever, they are all in perfect accord with the require- 
ments of the ‘“‘latent heat’’ theory. Hence we seem to be justified in 
concluding that ‘‘latent heat’’ is the principal source of meteoric lu- 
minosity. 

The second column in the table gives the heating power of a unit of 
weight of air at different heights: showing, that one grain at the height 
of three and a-half miles, if compressed until its density equals that of 
air at the sea-level, will give out only enough heat to raise the tempera- 


observed phenomena are such that ‘‘ resistance’ 


ture of one grain of air under constant volume about two-thirds of one 
degree ; but that at the height of eighty-five miles the heat given out will 
suffice to raise the temperature of one grain twenty millions of degrees ; 
at one hundred and thirty-seven miles, seven hundred thousand millions 
of degrees; whilst at the height of two hundred and five miles the 
number would exceed seven hundred thousand millions of millions. 

This implies a condition of things somewhat similar to that suggested 
by Mr. Birks in his chapter on the ‘‘ Jgneous condition of matter,’’* when 
he says, ‘‘ There will thus, according to the present theory of the laws of 
matter, be more truth than has latterly been recognized, in the old 
arrangement of the four elements, which placed a fourth region of fire, 
above the solid, liquid, and gaseous constituents of our globe. In fact 
above the region where the air, though greatly rarefied, is still elastic, 
there must be a still higher stratum where elasticity has wholly ceased, 
and where the particles of matter, being very widely separated, condense 
around them the largest amount of ether. All sensible heat, in the 


* On Matter and Ether or the Secret Laws of Physical Change, by Thomas Rawson 
Birks, M. A., Cambridge, (England) 1862. 
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collision or oscillation of neighboring atoms of matter, will thus have 
disappeared : but latent heat, in the quantity of condensed ether or re- 
pulsive force, ready to be developed on the renewed approach of the 
atoms, will have reached its maximum, and may be capable of producing 
the most splendid igneous phenomena, like the northern lights or tropi- 
cal thunder storms.”’ 

Quetelet, in view of the phenomena peculiar to the upper air, proposed 
to consider it as a distinct atmosphere, and says* ‘‘This upper atmos- 
phere, favorable to the combustion and brilliance of shooting stars, would 
not necessarily be of the same nature and the same composition, as the 
lower atmosphere in which we live.’’ 

Sir John Herschel also seems to recognize something not unlike what 
I have suggested, when, in writing to Quetelet of shooting stars, in 
August, 1863, he says,+ ‘* As to their great elevation above the earth, it 
leads us to suspect the existence of a kind of atmosphere higher up than 
the aérial atmosphere, lighter, and, so to speak, more igneous than our 
own.”’ 

The train of reasoning which I have suggested leads to the conclusion 
that this ‘‘more igneous’’ condition commences at a height of forty or 
tifty miles, and extends to the utmost limit of the atmosphere ; its in- 
tensity increasing with the height in a geometric ratio—the outer shell 
of air being so completely saturated with heat, that, like a sponge filled 
with water, it responds to the slightest pressure. It is evident that this 
fiery envelope may prove a most efficient shield to protect us from the 
effects of collision with all sorts of fragmentary missiles which the earth 
may encounter in its journeys around the sun; and the proof of its 
efficiency is found in the fact that of the immense number of meteors 
visible, only a very few have been known to reach the earth. 

Fortunately, the enormous velocity—vastly exceeding that of the 
swiftest cannon ball--with which these missiles are hurled at us, usually 
causes their almost instantaneous destruction. 

Were they simply dropped from } or } of the height, falling with the 
velocity due to the earth’s attraction only, it is probable that every one of 
any appreciable weight, would reach the earth. Without this protecting 
envelope, we might well dread the effects of such a bombardment as was 
witnessed in Italy on the 27th November, 1873, when we encountered 
some of the débris of Biela’s Comet, and when the number of meteors 
seen by the Italian Astronomers in the course of a few hours was estima- 
ted by them at near forty thousand. 

The fact seems to be, that the planetary velocity with which a meteor 
enters our atmosphere, soon causes it to develop, by compressing the air 
before it—heat suflicient to vaporize its surface layer, and, to communi- 
cate to it the most dazzling brightness. Time not being allowed for the 


*Meteors, Aerolites, Storms and Atmospheric Phenomena. From the French of 
Zurcher and Margolle, by Wm. Lackland. New York, 1870, p. 229. 


tBulletins of the Royal Academy of Brussels, vol. X VI., p. 320. 
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heat to distribute itself through the body of the meteor, the whole of its 
effect is confined to the surface; extremely thin layers of which are, in 
succession, heated, rendered intensely incandescent, and vaporized, how- 
ever refractory the material. 

The black ‘‘crust,’’ of the thickness of letter paper, with which the 
stony meteorites are coated, shows the limits for any one instant, of the 
melting process ; and the fact, that beneath the crust there is no trace of 
the action of fire, is proof, both of the extreme intensity of the heat, and 
of its entirely superficial distribution. 

Another disintegrating process may, perhaps, be mainly confined to the 
smaller meteorites and to the ordinary shooting stars, which are so com- 
pletely dissipated that no trace of them reaches the earth. Although, in 
any individual layer, the three states—solid, liquid, and vapor—exist al- 
most at the same instant, they must in reality succeed each other in the 
order named ; so that there must always be a layer in which the material, 
although not melted, is so intensely heated as to exert an expansive 
energy tending to split the mass into fragments. The amount of de- 
crepitation thus produced must, of course, depend upon the brittleness 
and other peculiarities of the meteor, as well as upon its velocity and 
upon the density of the air encountered ; but the effect must be similar 
in character to that which takes place when coal being thrown upon the 
fire of a locomotive, minute fragments split off by the sudden expansion, 
are carried up the chimney and fall upon the car-roof in such numbers 
as to remind passengers of the rattle of a shower of hail. 

It can scarcely be supposed that combustion has much to do with the 
splendor of meteors, or with thair destruction, since these mainly occur 
at heights at which there is not air enough to maintain combustion to 
any considerable extent. Their disintegration must therefore be mainly 
effected by heat alone, unaided by chemical action. 

Frequently, after the disappearance of a meteor of extraordinary 
splendor, a luminous train or cloud remains for a few seconds, sometimes 
for several minutes, and in some very rare instances they have remained 
visible for an hour or more. A remarkable example of this occurred on 
the 14th of November, 1868, when, shortly after midnight, a meteor ap- 
pearing over Northeastern Pennsylvania, left a cloud which remained 
visible to observers at Washington and New Haven and at all interme- 
diate points, for about three-quarters of an hour. According to Prof. 
Newton,* the observations indicated for this cloud ‘‘a real diameter of 
one mile, and a volume of a dozen or a score of cubic miles,’ and that 
whilst visible it moved about forty miles, showing an average velocity 
relatively to the earth of nearly a mile perminute. What was its velocity 
relatively to the air is not known. This cloud was, no doubt, the débris 
of the meteor, a cloud of meteoric dust, moving rapidly through the air, 
compressing the air before it ; and, of course, if the above views be cor- 
rect, developing heat and light, just as, on a grander scale, heat and light 


* 3illiman’s Journal, vol. 47, p. 406. 
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had before been developed by the motion of the meteor itself. The 
intensity of the light must of course, diminish with the loss of rela- 
tive velocity, and altogether cease whenever the cloud and the air are 
relatively at rest, or nearly so.* 

The motion of a meteoric cloud, relatively to the air, may result either 
from its own momentum, from atmospheric currents, or from the diur- 
nal rotation of the atmosphere, in which the meteor, of course, had not 
participated ; or from any or all of these causes combined, so that it 
must in almost all instances be very considerable. 

The light of the aurora may perhaps in like manner be due to latent 
heat; for although rarefied air is a very good conductor, it probably offers 
resistance to the passage of electric currents sufficient to produce a 
momentary condensation quite competent to illuminate their paths. 

It is evident that if the upper air be in the condition suggested, the 
track of every mechanical impulse, traversing it with considerable velocity, 
must become luminous. 

This igneous condition of rarefied air necessarily implies a definite limit 
to the atmosphere of each member of the solar system : otherwise, meteors 
—being constantly subjected to the action of latent heat—would be lumi- 
nous, not merely when within one or two hundred miles of the earth, 
but at all distances. 

The depth of highly rarefied air which a meteor can traverse before 
becoming luminous, must of course, depend upon its velocity, tempera- 
ture, and conducting power ; but the height at which their luminosity is 
seen to commence must afford some clue to the determination of the 
height to which the atmosphere extends. 

The great comet of 1843, when in perihelion, Feb. 27, passed within 
sixty thousand miles of the surface of the sun, at a velocity of about 350 
miles per second, and the next day was seen ‘‘as a brilliant body within 
less than two degrees of the sun.’’+ 

It was not seen again until about seven o’clock on the evening of March 
7, when although the tail was a very conspicuous object, the brilliancy of 
the nucleus did not exceed that of a star of the third magnitude. 

This change, so much greater than could reasonably be expected to re- 
sult from increased distance from the sun, occasioned great surprise, and 
has not been satisfactorily accounted for. 

Is it not possible that its splendor was temporarily increased by the 
latent heat developed during its passage through the solar atmosphere ? 

The great day-light meteor of Nov. 15, 1859, was seen at 9 o'clock in 
the morning, in full sunshine, by persons who were not within two 
hundred and fifty miles of any portion of its path, appearing so very 
bright that they thought it close at hand. Comparing the probable size 


*Prof. Newton remarks (Silliman’s Journal, vol. 47, p. 407,) ‘‘ What kind of matter it 
is which remains visible in the cold upper air for three-fourths of an hour until, by 
gradual dissipation, the light fades out, I leave for others to say.” 


+Kirkwood’s Comets and Meieors, Phila., 1873, p. 17. 
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of the comet with that of the meteor, and remembering the prodigious 
velocity of the former, may we not well imagine that its collision with 
the highly attenuated upper atmosphere of the sun might develop latent 
heat sufficient to enable it to rival the sun itself in splendor ? 

Although much of the evidence presented in favor of the existence of 
‘*latent heat of expansion,’’ and of its agency in the production of lumi- 
nous phenomena, may be said to be circumstantial only,—I trust that it 
will be found sufficiently cumulative, and accordant throughout, to enti- 
tle it to examination. 


PHILADELPHIA, Marcu 251TH, 1874. 


ON THE PLAGOPTERIN.E AND THE ICHTHYOLOGY OF 
UTAH. 


By Epwarp D. Corr, A.M. 
Read before the American Philosophical Society, March 20th, 1874. 


The observations recorded below are based on the collections made by 
the naturalists attached to the United States Geological and Topographical 
Survey west of the 100th meridian, under direction of Lieutenant Geo. 
M. Wheeler, and are published by permission of that officer. To Dr. 
Henry C. Yarrow, in charge of the department of zoology, and to A. W. 
Henshaw, assistant, the survey is indebted for material more fully 
illustrating the character and distribution of the cold blooded vertebrata 
of the valleys of the Colorado River and of Utah than any heretofore 
brought together. As one of the results derived from a study of it, it 
appears that the basin of the Colorado River is the habitat of a small 
group of fishes of the family Cyprinidz, which may be called the Plagop- 
terine, which embraces three genera—Plagopterus, Cope; Lepidomeda, 
Cope; and Meda, Girard. The group differs from others of the family in 
the possession of two strong osseous rays of the dorsal fin, the posterior 
of which is let into a groove in the hinder face of the anterior without 
being codssified with it, thus constituting a compound defensive spine. 
The rays of the ventral fin, excepting the first and second, are similarly 
modified. The greater part of their length consists of an osseous dagger- 
shaped spine, with grooved posterior edge, which overlaps the border of 
the succeeding ray, when the fin, like a fan, is closed up. The articulated 
portion of the ray either emerges from the groove below the free acute 
apex of the spine, or appears as a continuation of the apex itself. It is 
worth observing that the only other instance of this ossification of the 
ventral rays is to be seen in the extinct family of the Saurodontide of the 
cretaceous period, the nearest approach among recent fishes being the 
internal spine in the ventral fin of Amphacanthus. The dentition and 
intestine of these fishes show them to be of carnivorous habits. Interest 
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attaches to the Plagopterine as the only type of fishes not known from 
other waters than those of the Colurado basin. 


PLAGOPTERUS, gen. nov. 


Pharyngeal teeth, 2.5—4.2, raptorial uncinate, without masticatory 
surface. A terminal maxillary barbel. Scales, none; lateral line well 
developed. Dorsal fin with a strong spine composed of two, the posterior 
received into a longitudinal groove of the anterior. Ventral fins origin- 
ating (in the type species) a little anterior to the line of the dorsal, 
attached to the abdomen by a wide basis and length of inner radius. 
Superior labial fold continued round the end of the muzzle. 

This genus resembles Meda, Girard, in the presence of the dorsal spine, 
the adhesion of the inner border of the ventral fin, and the absence of 
scales, and differs in the presence of barbels, and the inner dental series 
being 5—4 instead of 4—4. Physiognomy of Rhinichthys. 


PLAGOPTERUS ARGENTISSIMUS, Sp. NOv. 


This is a small fish of slender proportions, with a rather broad head, 
with slightly depressed muzzle overhanging by a little a horizontal 
mouth of moderate size. The caudal peduncle is of medium depth, and 
the caudal fin is deeply forked. The eye is somewhat oval, and enters 
the length of the side of the head 4.2 times, and the interorbital width 
1.5 times. The greatest depth (near the ventral fin) enters the total 
length nearly six times, or five and three quarters, exclusive of the caudal 
lin. The latter measurement is four times the length of the head. The 
origin of the dorsal is entirely behind the proper basis of the ventral ; its 
first spine is curved and longer than the second, and its basis is inter. 
mediate between the base of the caudal and the end of the muzzle. The 
dorsal rays behind the spine have the basal two-thirds to one-half 
thickened and completely ossified, the articulated portions issuing from 
the apices of the spines. Radial formula, D. II. 7; C. 19; A. I 10—9; 
V.2. V; P. 16. The first or osseous ray of the anal is rudimental ; the 
fifth spinous ray of the ventral is bound by nearly its entire length to the 
abdomen bya membrane. The pectoral rays from the second to the 
sixth exhibit a basal osseous spinous portion, which is not nearly so 
marked as in the ventrals. The pectorals reach the basis of the latter. 

The laterad line is complete and is slightly deflexed opposite the dorsal 
fin. The lips are thin, and the end of the maxillary bone extends to the 


line of the front of the orbit. Total length M. 0.071; ditto to middle of 


basis of caudal fin .0565 ; ditto to anterior basis of anal fin .040; ditto 
to basis ventral .021; ditto of head .0145; of muzzle .004; width at 
posterior nares .006; at middle of pterotic .0078. Color, pure silver 
for a considerable width above the lateral line. Dorsal region somewhat 
dusky from minute chromatophore. 

Numerous specimens from the San Luis Valley, Western Colorado. 
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MEDA, Girard. 


Proceed. Acad. Nat. Sci., 1856, 192; U. S. and Mexican Bound. Survey, 
Ichthyology, p. 50. 

This genus resembles Plagopterus in the absence of scales, while it 
differs in the absence of barbels and the reduction of the number of teeth 
of the larger pharyngeal series to 4—4. Girard also asserts twice that 
the dorsal spine is ‘‘ articulated,’’ a character not observed by me in any 
species of the group. His figure of M. fulgida represents the ventral 
radii as articulated; but as there are other points in which it differs 
from the description, it is probably inaccurate. 


MEDA FULGIDA, Girard. 


A small species from the Rio San Pedro, a tributary of the Gila, in 
Southern Arizona. 


LEPIDOMEDA, gen. nov. 


Dorsal fin originating behind the line of the yentrals, which adhere to 
the belly by the inner ray. Body scaled, lateral line present. Pharyngeal 
teeth 4—4 in the inner row. No barbels, premaxillary series complete. 

This genus has the physiognomy of Clinostomus. The presence of 
scales distinguishes it from Meda. The spinous rays are not articulated. 


LEPIDOMEDA VITTATA, Sp. nov. 


Form moderately stout, the greatest depth (at the first dorsal ray 
entering the length to the basis of the ciudal fin four and a quarter to a 
third times. The head is wide and flat above, with decurved pterotics, 
—and slightly depressed behind the interorbital region. Muzzle obtusely 
descending, not prominent ; mouth terminal and descending to a point 
below the anterior line of the pupil. Length of head, 3.75 times in total 
length to basis of caudal fin. Orbit round, 3.75 times in length of head, 
and 1.3 times in interorbital width. The latter is not uniform, but the 
middle plane is elevated a little above the superciliary ridges, and 
separated from them by a shallow groove. Nares sublateral. Teeth, 
2.4—4.2. Preorbital trapezoid. 

Scales small, covering the whole body, except a space behind the 
pectoral fin, in twenty-six series above the lateral line, and fifty-six 
transverse in front of the dorsal fin. Radial formula, D. II. 7; C. 19: 
A. 1.8; V.1. VIL; P. 15. There are several peculiarities in the consti- 
tution of the spines of the fins in which the species differs from Plagop- 
terus argentissimus. Thus the second dorsal spine is wider than the first, 
and so deeply grooved behind as to represent a V in section; it also 
extends to the extremity of the first, while it is shorter in P. argentissimus. 
The remaining dorsal spines are less distinctly enlarged and ossified ; 
those of the ventrals are less developed, and their apices, instead of being 


free, continue into the terminal articulated portion. The pectoral radii 
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are scarcely enlarged at all. The base of D. I. is nearer the basis of the 
caudal fin than the end of the muzzle, by the length of the latter to 
the posterior nares. Caudal fin deeply forked. Total length M. 0.085 ; 
ditto to basis caudal fin .0685; ditto to basis anal .047 ; ditto to basis 
ventral .0325; ditto of head .018; to orbit .043; width at posterior 
nares .006; at middle of pterotic .009. Color, silver to half way between 
lateral and dorsal lines, the upper part of it underlaid by a lead-colored 
band ; a median dorsal black band from front to caudal fin. 

Numerous specimens from the Colorado Chiquito river, Arizona, col- 
lected by Dr. Newberry, Jr., (5x). The largest species of the group. 

LEPIDOMEDA JARROVII, sp. nov. 

A species resembling the last in many respects, but differs in a 
greater elongation of form, weakness of squamation and peculiarity of 
‘oloration. The fin radii are similar in number and character, but the 
lorsal is furnished with more slender spines. The chin projects a little 
beyond the upper lip when the mouth is closed. The depth of the body 
at the ventral fins enters the length to the basis of the caudal 5 to 5.25 
times, and the head enters the same four times. The eye is larger than 
in L. véttata, entering the length of the head 3.25 times and equalling the 
interorbital width. The end of the maxillary bone reaches the line of 
the anterior border of the orbit. The pectoral fin reaches the ventral, 
but the latter does not attain the vent. The scales are difficult to detect ; 
there are 51 transverse series between the head and the dorsal fin. Total 
length, M. 0.081; do. to caudal fin .065; do. to anal .0465 ; do. to ven- 
tral .082; do. of head .0165; do. to orbit .0048 ; width between orbits 
.005 ; do. between middle of pterotics .008. Color olivaceous above 
with a median black vertebral band ; sides to above lateral line silvery, 
leaden edged above. Bases of ventral fins red. 

From the Colorado Chiquito river, Arizona. Dedicated to Dr. Henry 
©. Yarrow, Zoologist of the survey under Lieut. Wheeler (No. 505). 


The following species were also obtained by the expedition from Utah 
Lake, the largest body of pure fresh water in the basin of the Utah, 
others of equal size being alkaline or salt. 


SALMO VIRGINALIS, Girard, 

Maintains its distinctness from S. pleuriticus, Cope, from the streams 
which flow from the mountains on both sides, in its more slender form of 
head and body. The depth enters the length 5.75 and 6 times, and 
equals the length of the head to the preoperculum. In 8. plewriticus 
of equal size, it enters the length 4.66 times, and nearly equals the 
length of the head. 

CoREGONUS VILLIAMSONII, Girard. 
SIBOMA ATRARIA, Girard. 
The largest of the lake Cyprinidz, specimens procured weighing one 


and two lbs. 
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ALBURNELLUS? sp. 
Scales rH. Anal radii I. 8—7. Teeth 2.4—4.2 without grinding face. 
From Beaver River, Lake Utah, and the Rio Grande, in Colorado. 
ALBURNELLUS RHINICHTHYOIDES, Cope. 
Tigoma rhinichthyoides, Cope. Hayden’s Ann. Report U. 8S. Geolo. 
Survey, 1871, p. 1473. 


Teeth 1.4—4.1. Scales : 5% 


Beer eine: 


Abundant at Provo. 


CLINOSTOMUS HYDROPSLOX, Cope. 
In Hayden’s Geol. Survey Terrs., 1871, p. 475. Abundant. 


CLINOSTOMUS TENTA, Sp. nov. 

A smaller species than the last, distinguished by the smaller number 
of anal radii, the elegant coloration and other characters. Body of 
average proportions, its depth entering the length without caudal fin four 
and one-third times, and exactly equal to the length of the head. The 

4 head is compressed and the lips equal: the mouth is oblique, the 
end of the maxillary attaining the anterior line of the orbit. The orbit 
is large, entering the head three times and a fifth, and equalling the 
width of the convex interorbital space. Scales hay thirty-three in front 
of dorsal fin ; lateral line complete, deflexed between pectoral and ven 
tral fins. Radial formula D. I. 9. A. I. 10; V.9; P. 11; reaching 
ventrals, which reach vent. Dorsal first ray equidistant between the 
basis of the caudal and the anterior nostril. 

Total length .073 ; do. to anal fin .042 ; do. to ventral .031 ; do. of head 
.014; do. to orbit .0036 ; width to posterior nostrils .004 ; do. at middle 
of pterotic .0062. The sides are pure silvery to the lateral line of pores, 

j above which a blackish vitta extends from the end of the muzzle to the 
caudal fin. Above this is a narrow very white line which extends to the 
base of the caudal fin, and above this the entire dorsal region is blackish. 
Fins unspotted. 

Numerous specimens from Provo, near the Lake, (No. 666, 8.) 


RHINICHTHYS HENSHAVII, sp. nov. 


An elongate species with small scales and overhanging but obtuse 
muzzle, resembling a Cerdtichihys of the group of C. nubilus (Rhinieh- 
thys,) Girard. The depth enters the total length 5.5 to 6 times, the 
head entering the same five times. Eye 4.3 times in length of head, 
1.5 times in interorbital width. The base of the D. I. is intermediate 
between the base of the caudal fin and the anterior nostril. The ventral 
fins reach the anal, but are not reached by the pectoral. Dorsal fin 

¢ originating behind the base of the ventrals. Radii, D. I. 9; A. I. 7; V. 8; 
. 


~y 16 ° ° 
P. 12. Scales eT. Color white with a few dark clouds on the caudal 
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peduncle. Inferior fins reddish. The more anterior position of the 
dorsal fin is one point of difference from R. mazillosus. 

From Provo ; No. 48, a. 

Var. II, back dark ; a dark band from end of muzzle to caudal fin. Fins 
and lips red. D. I. 8 Provo; 204a; 281 a; Colorado Chiquito, 5x., 240 
Twin Lake, Colorado. Var. III. Back dusky ; numerous large black 
spots all over the sides and head; fins and lips crimson, D. I. 8, 


~~ 


No. 754, from Apache, Arizona. 


HYBOPSIS TIMPANOGENSIS, sp. Nov. 


A rather compressed species with mouth obliquely descending, and 
teeth 2.4—4.2, with strongly developed masticatory surfaces. The lateral 
line of tubules is imperfect in all the specimens, often only repre- 
resented by a short series in front of the dorsal fin. In larger specimens 
it is better developed, and in still larger it may be complete, a point 
which remains as yet uncertain. In the smaller specimens of Myloleucus 
parovanus, the series is imperfect for a short distance in front of the 
caudal fin, while it is complete in adults. I have observed the same in 
the Hypsilepis anolostanus, Girard. Scales small si. The dorsal fin 
originates a little in front of a line drawn from the base of the first ven 
tral ray. The pectorals do not reach the ventrals, while the latter attain 
the vent. Radii D. I. 9; A. 1.8; V.8. 

The depth is one-fourth the length, less that of the caudal fin, and the 
length of the head enters the same 3.66 times. Orbit 3 3 times in length 
of head, 1.2 times in interorbital width ; longer than muzzle. Preorbital 
bone trapezoid. Total length M .047; do. to basis of dorsal .0215; of 
head .011 ; width at pterotics .005. 

There is a narrow leaden line from the pterotic region to the base of 
the caudal, below which the color is yellowish, and above brownish, all 
dusted with black points. Cheeks silvery. Fins dusky. 

Numerous specimens were taken at Provo by Messrs. Yarrow & Hen- 
shaw, and at Gunnison (No. 668) by Mr. Klett. 


MINOMUS PLATYRHYNCHUS, sp. nov. 


This Catostomoid belongs to the genus Minomus, Girard, as defined by 
the writer in Hayden’s Annual Report of the U. 8. Geological Survey for 
1870, p. 434. It is of very elongate form, the depth of the body at the 
dorsal fin entering the total length seven and two-fifths times. The head 
is short and wide, with expanded and depressed muzzle ; its length en- 
ters the total five and three-quarter times. The scales are materially 
larger on the caudal peduncle than on the post-scapular region, and the 
dorsal fin originates considerably nearer the end of the muzzle than the 
basis of the caudal fin. Radial formula, D. I. 11; C. 18, openly emar- 


ginate; A. 1.7; V.9 not reaching vent; pectoral reaching half-way to 
. 15 Tr . ° eae 
ventral. Scales 5). The orbits are excavated at their superciliary border, 
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and their diameter enters their frontal interspace 1.66 times, and the 
length of the head 4.6 times, twice in the length of the muzzle in front 
of its border. The muzzle considerably overhangs the mouth. The lip 
folds are tubercular and largely developed, forming a discoidal funnel. 
The posterior is deeply incised behind ; and there is a notch where it 
joins the anterior lip. The commisure is transverse and abruptly angu- 
late to the canthus, and covered with a cartilaginous sheath as in Chon- 
drostoma. Isthmus very wide. 


Total length M. 0.168; do. to basis caudal .149; do. to basis ventral 
-082; do. to basis of dorsal .070; do. of head .029; width of muzzle 
at mouth .0115; with head at pterotics .0156. Color blackish, belly and 
ventral fins yellowish (? pink). This species resembles the Catostomus 
discobolus, Cope, but has larger scales, besides presenting generic diffe: - 
ences. Several specimens from near Provo. Messrs. Yarrow and Hen- 
shaw. 


MINOMUS JARROVII, Sp. nov. 


A less elongate species than the last, with a much less enlarged muzzle. 
The anterior scales are smaller than the posterior, and the first dorsal ray 
is nearly intermediate between the end of the muzzle and the basis of 
the caudal fin. Radii D.9; C.18; A. I. 7; V. 9, well removed from 
both vent and pectoral fin. Depth at dorsal fin 5.75 times in total length, 
into which the length of the head enters 5.3 times ; orbit small, 4.6 times 
in length of head ; twice in interorbital width, and 1.75 times in muzzle, 
the latter projecting a little beyond mouth, not depressed, but nar- 
rowed viewed from above. Labial folds well developed, tubercular, the 
anterior rather narrow, the posterior deeply incised. Commissure with 
acute cartilaginous edge, regularly convex forwards. 

Scales At. 

Total length M. .107; do. to basis of caudal .0933; do. to basis ven- 
tral .052; do. to basis dorsal .047; do. of head .0205; width muzzle at 


mouth .075 ; of head at pterotics .011. 


Color light brown with numerous dusky spots and clouds ; a narrow 
abdominal band light ; fins and chin ? red. 


Two specimens (204a) obtained by Messrs. Yarrow and Henshaw at 
Provo. Dedicated to Dr. Yarrow, whose zoological explorations in vari- 
ous portions of the United States have been productive of many inter- 
esting results. 


CATOSTOMUS ? GENEROSUS, Girard. 


U. S. Pacific R. R. Surv. X, p. 221. 


From Provo, Utah, specimens of two and a-half pounds weight. 
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Recapitulation : 


The fishes of the Utah Lake above enumerated, number twelve species, 
is follows: 


Salmonide. Clinostomus hydrophlox, Cope. 
» . ° . e "2 > » tenwst ‘ 
Salmo virginalis, Girard. | Clinostomus tenia, Cope. 
Hybopsis timpanogensis, Cope. 


Coregonida. aoe ae 
Rhinichthys henshavii, Cope. 


Coregonus villiamsonii, Girard. 


Cyprimde. Catostomide. 


Alburnellus, sp. Minomus jarrovii, Cope. 


| 

| 
Siboma atraria, Girard. | Minomus platyrhynchus, Cope. 
Alburnellus rhinichthyoides, Cope.| Catostomus ? generosus, Girard. 


The following species were obtained at other localities in Utah and 
Arizona. 
CERATICHTHYS BIGUTIATUS, Kirtland. 


Baird, Girard, Cope Cyprinide of Pennsylvania, p. 366, Tab. xi., fig. 

5, var. cyclotis, Cope, Proceed. Acad. Nat. Sciences, 1864, p. 278. 

Dr. Yarrow obtained a number of specimens of this abundant eastern 
fish at Harmony, in Southern Utah. This is an unexpected discovery, 
giving the species the greatest known range of any of our Cyprinidae, 
the Semotilus corporalis accompanying it to the eastern slope of the 
Rocky Mountains. The Smoky Hill River was the most western locality 
for the C. biguttatus up to the present time. 


CERATICHTHYS VENTRICOSUS, Sp. NOV. 


Allied to C. henshavii, Cope, but distinguished by its deeper body and 
more numerous scales below the lateral line, which exceed in number 
those above it, contrary to the rule usual in Cyprinide. Depth at ven- 
tral fin one-fourth length exclusive of caudal fin, and a little less than 
length of head, orbit a little less than one-fourth length of head and 1.33 
times in length of muzzle and interorbital width. Muzzle compressed, 
projecting beyond the horizontal mouth ; maxillary bone reaching the 
line of the anterior nostril. Radii D. I. 7; A. 1.7; V. 7%. Dorsal origi- 
nating behind line of ventrals. Scales ii. The specimens are bleached 
by the action of spirits, but they appear to have been of uniform color, 
excepting an irregular dark band from the end of the muzzle to the caud- 
al fin. Length of a specimen to base of caudal M. .061; do. to base 
of anal .043; do. to base ventral .033; do. to base dorsal .035 ; length 
head .0162; width do. between orbits .0045; do. at middle of ptero- 
tics .0073. Number cccl ; from Arizona. 


MYLOLEUCUS PAROVANUS, sp. nov. 


With a general similarity to Clinostomus montanus, this fish may be 
readily determined by the generic characters of the teeth and fins, as 
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well as by the reduced number of radii of the anal fin. The genus 
Myloleucus was established by the writer in 1871* for species resembling 
Siboma, in having the pharyngeal teeth of the longer row 4—5, and the 
origin of the dorsal fin situated in advance of the ventral, but differing in 
the possession of well-defined masticatory surfaces on the teeth. The 
typical species is ¥. pulverulentus, Cope, from the warm springs of Utah, 
a fish which differs from the present one in the greater stoutness of form 
and smaller and more numerous scales. 

Form moderately stout ; muzzle short, Conical, lips even, mouth very 
oblique, maxillary bone reaching anterior line of orbit. Profile of head 
and back gently arched. Depth of body equal length of caudal fin and 
measuring 4.25 in the total length less that fin ; length of head, 3.5 or 6 
in the same. Orbit large 3.1 times in length of head; greater than muzzle, 
equal interorbital width. Scales tk, the lateral line decurved in front, 
and continued to base of caudal fin. Radii, D. I.9; A. I.8; V.9. The 
pectorals reach little more than half way to the ventrals ; the latter just 
attain the vent. Caudal well forked. The color is transparent, with a 
plumbeous lateral. band, the ventral and pectoral fins dusky, the dorsal 
and caudal shaded with the same. Total length M. 0648 ; ditto to base 
caudal, .053; ditto to anal, .038; to ventral, .0288; of head, .014; to 
orbit, .003 ; width at middle pterotics, .0064. 

Numerous specimens were obtained by Dr. Yarrow from Beaver River, 
in Southwestern Utah. This stream flows into the Sevier Lake, a very 
alkaline body of water, in which no fishes were found by the naturalists 
of the survey. 


CLINOSTOMUS PHLEGETHONTIS, sp. NOv. 


Teetb, 1.5—4.2; body, deep, short ; scales larger than in any other 
species of the genus, viz.: eleven longitudinal and thirty-seven transverse 
series. There is no lateral line, which may be due to the immature state 
of the only specimen at my disposal. The depth enters the length with- 
out the caudal fin 3.5 times, while the length of the head is counted in 
the same four times. The orbit is large, entering the head 2.75 times, 
and .2 greater than interorbital width ; in older fishes the orbit will be 
found as usual relatively smaller. The lips are even, and the mouth 
quite oblique, the end of the maxillary reaching the line of the orbit. 
Radii, D. I. 7; A.I. 8; the ventrals originate in front cf the line of the 
dorsal, and extend to the vent, and are not nearly reached by the 
pectorals. Length without caudal fin, .034; ditto to basis of dorsal, 
-0186 ; length of head, .008; width ditto at pterotics, .0038. A broad 
plumbeous band on the side, below which the color is golden, above it 
probably translucent in life, with a dusky median dorsal line. 

Discovered in Beaver River, Utah, with the Myloleucus parovanus, by 
Dr. Yarrow. 


* In Hayden’s annual Report of the U. S. Geological Survey, p, 475. 
A. P. 8.—VOL. XIV. R 
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CATOSTOMUS ALTICOLUS, Sp. nov, 


A stout, rather short species of sucker, with elongate head and narrowed 
muzzle. The scales are larger behind than anteriorly, and number sixty 
transverse, and nineteen longitudinal rows. The radial formula is, 
D. 10; C.18; A. 7; V. 10, originating below the middle of the dorsal 
fin, and neither extending to the vent nor reached by the pectoral fin: 
Caudal with shallow emargination. The depth enters the length with 
caudal five times, which is three and two-thirds the length of the head. 
Orbit 4.33 times in head, 1.66 times in interorbital width. The muzzle 
is long (1.66 times orbit), but is not produced much beyond the mouth, 
but is truncate and narrowed viewed from above. Lip-folds well developed; 
the superior pendant, the inferior full but incised to the symphysis, the 
surfaces tubercular. Vertex flat. 

Total length M., .0863 ; ditto to origin caudal fin, .070; ditto to origin 
anal, .0546; ditto to origin of dorsal, 0365; width head at posterior 
nares, .008 ; ditto at middle of pterotics, .010; color silvery, upper part 
of sides and back dusky. In specimens of this size the lateral line is in- 
visible, but in adults of eight inches obtained by my friend, J. S. Lip- 
pincott, it extends to the basis of the caudle fin. 

Numerous specimens from Twin Lake, Colorado, obtained by Dr. J. T. 
Rothrock, botanist of the survey. This lake is situated in the South 
Park, at an elevation of 9,500 feet above the sea (no. 120). 

CATOSTOMUS DISCOBOLUS, Cope. 

(Hayden’s Annual Report, U. S. Geological Survey, 1870, p. 435). 

Numerous specimens from the Zuni River, Arizona, and from another 
not specified locality in Arizona, (No. 504), obtained by Messrs. Henshaw 
and Newberry. 

HAPLOCHILUS FLORIPINNIS, sp. DOV. 

First dorsal ray standing above the second or third anal ; formula, D. 
10—11; A. 13—14; V. 7. Scales large in ten longitudinal and 29 trans- 
verse series. First dorsal ray half as far from base of caudal as from 
end of muzzle. Length of head 4.66 times in total, a little less than 4 
times to basis of caudal fin. Orbit large, 3.2 times in length of head and 
1.6 times in interorbital width. Mandible projecting a little beyond pre- 
maxillary ; one external series of teeth in both jaws larger than the 
others. 

Total length M. .0595 ; do. to anal fin .0335 ; do. to basis of ventral fin 
.027 ; do. of head .0138 ; width of head at pterotics .008. Color olive 
gray, the scales with ochre borders. Fins yellow, broadly edged with 
crimson. 

Numerous specimens from the Platte River, near Denver, Colorado. 
No. 65. A species with large scales. 

URANIDEA WHEELERI, sp. nov. 


The only Physoclystous or spinous rayed fish as yet found in the Great 
Basin of Utah. 
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Radial formula, D. VII. 17; A. 12; P. 15 allsimple; Br. VI. The 
head is depressed’ and enters the length minus the caudal fin, three 
times. Orbit large one-fifth length of head, and twice the width of 
the frontal interspace. Greatest depth (at first anal ray) 6.75 times in 
length less caudal fin. Anal commencing opposite the third ray of the 
second dorsal. Lateral line deflexed opposite last ray of second dorsal. 
The recurved preopercular spine strong, the decurved small and obtuse. 
Palatine teeth present ; end of maxillary reaching line of pupil. Isthmus 
as wide as length of muzzle and orbit to front line of pupil. Skin every- 
where smooth. 

Total length .084; do. less caudal fin .069;.do. to anal .042; do. to 
first dorsal .031; of head .022; width at maxillaries distally .0125; at 


nee 


preopercular spines .0185. 
From Beaver river 8. W. Utah. The other species of the Rocky 
Mountains, U. punctulata, Gill, has, according to that zoologist a much 
wider head, especially in the frontal region. This character is well ex- 
hibited by specimens in Dr. Hayden’s collections. 
4 Dedicated to Lieut. Wheeler, Director of the U. 8. Survey west of the 
i 100th Meridian. 


ON THE ZOOLOGY OF A TEMPORARY POOL ON THE PLAINS 
OF COLORADO. 
: By Pror. E. D. Cope. 
(Read before the American Philosophical Society, March 20th, 1874.) 
Some years ago, Thomas Kite, of Cincinnati, observed an Entomostra- 

‘ cous crustacean swimming in a temporary pool of rain-water. A species 
no larger than a pin’s head is abundant in horse-troughs, springs, &c., 
and belongs to the genus Cypris. That observed by Mr. Kite is much 
larger, and is not known to occur in flowing water. It was named 
Limnadella Kitet by Girard. I have since observed it in Pennsylvania, 
in rain puddles standing in the ruts of roads in woods; and in New 
Jersey Dr. Knieskern found it in similar pools alongside of roads 
in the open country. The wonder naturally is, how strictly aquatic 
branchiferous animals can be propagated under the circumstances, and 
how they can be distributed from place to place. A similar species has been 
recently observed by M. Tissandier in pools in the valley of the Seine. 
These were left by a flood of the river, and before drying up became 
populous with a species of the Cypridide. 

The most remarkable examples of this kind are, however, to be ob- 
served on the plains of Kansas and Colorado. 

Here rains create temporary pools in depressions of the surface, which 


may remain for a few days or weeks, but are all dried up by the end of 
September. Nevertheless, some of them at least swarm with a population 
of branchiferous crustaceans, worms and larve of insects, with the adults, 
which, in their developed state, come to the surface for air, or live on 
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the adjacent banks. Observations on a pool of this kind determined 
sixteen species which lived in or on the water, which had an area of 
thirty feet by fifteen, and a depth not exceeding a foot. Three of the 
species were worms, six insects, one arachnid, and eight crustaceans. 

The insects were a bluish fly, with a pale bloom, which ran rapidly 
over the surface, aiding its progress by its wings ; a slender beetle, that 
clung to the submerged stems ; two species of actively swimming water- 
beetles, one beautifully varied with white ; and a sluggish, pale-green 
species, which swam readily. There was also that cosmopolitan boatman 
who swims on his back, the hemipterous notonecta. One of the worms 
was delicately striped with lines and rows of dots, another was soft and 
jointless, and could contract itself into a mere lump or extend itself to 
considerable length. It was no doubt a planarian, and was of a pea-green 
color. Another planarian was white, and some of its internal organs 
showed as a milk-white zigzag figure through the body walls. It swam 
freely through the water. Of the crustaceans, four were the shelled Cy- 
prides. One was very small, short oval, and green ; another, still small, 
was a long oval, straw-colored, and covered with hair ; a third was large 
as a small pea, almost globular, and brilliant green. It was very abund- 
ant, swimming in twos and threes among the grass-stems or near the sur- 
face. The fourth was a gigantic species, large as the thumb-nail, and of 
a pale-reddish orange color. It was frequently observed in encounters with 
others of its species. The water was alive with shoals of what appeared 
to be at first sight the translucent fry of some fish. On closer examination 
they proved to be elongate crustaceans allied to the Branchipus, their 
delicately-fringed gills hanging suspended from the hinder segments of 
the body. They were covered with a jointed coat of mail, and darted 
about with great activity. They were elegant creatures, with a crimson 
tail setting off the glass-like clearness of the body. The most singular 
of these forms 1s the Cyclops. It resembles superficially the king crab 
of our sea-shores, truly, indeed, in the great buckler or shield covering 
the head and thorax. It has a single elevation on the middle of the top 
of the head for two eye windows or cornex, and an inferior pair of widely- 
separated eyes look downward to the bottom of the water. The tail or 
body is soft, jointed, and worm-like, and bears a pair of feelers at the 
end. These curious creatures swim on the bottom, chasing each other 
here and there, resembling in their motions and form diminutive cat 
tishes. Some other forms were minute crimson, and strangely formed 
creatures. The common arachnid was a round-bodied Hydrachna, or 
water-tick, of a bright red color. 

This population evidently has a short life, and it is probable that their 
existence is only secured bythe long preservation of the eggs in the 
bottom of the dry ponds, which may be readily carried from place to 
place by winds during the dry season. 
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COSMICAL THERMODYNAMICS. 
By Prov. PLiny Earnie CHASE. 
Read before the American Philosophical Society, April 17th, 1874.) 


A committee* has been appointed to invite the participation of 
Students in the discussion of a paper which will be presented at the 
coming autumn meeting of the Association of German Naturalists and 
Physicians. The paper is entitled “‘ Loswng des Problems tiber Siiz und 
Wesen der Anziehung,’’ its object being the identification of gravitating 
force with thermo-dynamics, by means of the thermal equivalent and 
Carnot’s law of thermo-dynamic energy. 

In compliance with the invitation, and as a contribution to the general 
theory of unitary force, I submit the following Theses, together with 
references to portions of my communications to the American Philo- 
sophical Society during the past eleven years, in which some of them 
are practically exemplified and verified. 

1. If Force is unitary in its origin, it should be omnipresent in its 
manifestations. 

2. In a supposed universal, material, elastic and therefore slightly 
compressible, luminiferous «ther, we may reasonably look for such 
omnipresent, primitive manifestations. 

3. Ina universally undulating ether, any gross inertia of points or 
particles, must establish special systems of both centripetal and centri- 
fugal undulations. 

4, The gross, inert particles, in an ethereal ocean, would be impelled 
towards each other with velocities varying directly as the sum of their 
inertias and inversely as the square of their distance. 

5. As soon as a revolution is established around the common centre of 
gravity of three nearly equal particles, under the influence of ethereal 
undulations, there should be a tendency to discoid aggregation with a 
central spheroidal nucleus. 

6. On account of zwthereal elasticity, there should also be a subordi- 
nate tendency to aggregation along lines of logarithmic parabolas or 
spirals. 

7. In an infinitely diffused nebulous mass, all work would be internal. 

8. In a finite, condensing, nebulous mass, there would be external 
work, especially manifested in attraction, revolution, and rotation. 

9. As condensation progresses, v0’ (the velocity of revolution of a free 


equatorial particle) ox Vri o” (the velocity of rotation of a constrained 


1 
equatorial particle) x > ox (v’)? ; g (the velocity of centripetal impul- 


4 


1\ 2 F 

sion) « (5.) x (v'’) x (0 
*Aurel Anderssohn, President; E. Fritsch; Dr. med. Magnus, privat-docent, Univ. 
of Breslau; von Schmidt, Ist Lieut. in 6th Regt. Artillery; Dr. med. Lulwig Hey- 
mann, 
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10. The foregoing postulates are all equally true, whether the centri- 
petal impulse originate in a thrust, or in a pull. 

11. We have no direct evidence of any primitive pull, but we have 
evidences of radiating thrusts of light and heat from stellar centres. 

12. Inall known cosmical motions, the centrifugal and centripetal 
forces act under such laws of equilibrium, that the apparent pull of 
gravity may be explained by the difference between external and inter- 
mediate radiating thrusts. 

13. We know of oscillations in the ethereal sea, propagated with 0’ 
the velocity of light). The communication of an exceedingly minute 
portion of that velocity to inert particles, would be sufficient to produce 
all the phenomena of gravitation. 

14. The greatest manifestation of gravitating force in our system 

at Sun’s surface) 875.618 ft. 875.618 « 584,400 511,711,159 
mean light-waves per second. There being 592 (10 '? mean light-waves 

511,711,159 I 


per second, that force could be produced by “ no 
592 (10) 1157 (10) 
of the mean velocity of each light-wave. 

15. If gravity were propagated with infinite velocity, and any inert 
mass were concentrated in a point, a body falling to that point would 
obtain an infinite velocity. 

16. If gravity is the resultant of oscillations of finite velocity, and if 


solar rotation, planetary revolution, and solar motion in space, are all 
resultants of gravitating action, their velocities should all be limited by 


»” (the velocity of the primary efficient oscillation). 

17. In a homogeneous circular disc, of infinitesimal thickness, g «x dis- 
tance from centre. 

18. If such a disc were revolving in a circular orbit, under the 
combined influence of tangential and centripetal thrusts, in a slightly 
compressible «thereal ocean, it should rotate as well as revolve, the 


limit of possible rotating velocity being o sé 
19. If the supposed disc should acquire such a velocity that at the 


; 


periphery © v’’ = y gr, the same equations would be true for every 
particle in the disc. 

20. In a sphere or spheroid, the superficial centripetal thrusts should 
produce an increase of density at and towards the centre. 

21. The ratio of the rotating action of an wthereal stream on the 
equatorial plane of a nebulous sphere, to the propelling force of the same 
stream acting on the spherical surface, is <7 : 477, or 1:4. 

22. Ina rotating and revolving star, planet, or satellite, each equa- 
torial particle oscillates in waves which have a height equivalent to 
twice the distance of the particle from the centre of gravity of the rota- 
ting body. 
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23. If ¢’/’ = time of rotation, the integral of the impulses communica- 


‘ : : ,. gt" 
ted during each rise or fall of the rotation-wave, is =; 
» 


24. If the rotating body were to expand or contract uniformly, 

o 1 . 2 he Ms ‘ . 
vn & and t” x nx 9° g*’ is .*. a constant quantity for each yar- 

9 
ticle. 

25. At the trough of the rotation-wave, the accumulated retrograde 
velocity is exactly equal to the originating velocity of tangential orbital 
impulsion. In other words, ge — o* 

9 
26. The velocity of rotation would become equal to the velocity of 
. gt" gt’ or mlm 
revolution, when the sphere had contracted so that > Spe . The 


limiting velocity of inertial aggregation is, therefore, such as would 


; ‘ : : x 
carry a body through the equatorial diameter of a spheroid, while » 
would describe its equatorial circumference. 

27. The elasticity of the «ther should give rise to harmonic vibrations, 


and especially to vibrations which involve multiples of 1 2,* 3,+ 1.4, 


and -§. 


28. In consequence of the harmonic vibrations, there should be a 
tendency to the establishment of points of inertia, and the consequent 
aggregation of planets and satellites, at harmonic nodes. Such a ten- 
dency is illustrated by the Chladni plates, and the 14th Thesis shows 
that the supposed cause of aggregation is more than adequate for the 
production of the supposed effects. 

29. The blending of different harmonic vibrations should produce 
secondary vibrations of a lower order, giving rise to varying orbital ec- 
centricities. 

30. The influence of harmonic vibrations should be traceable, not only 
in planetary positions, but also in their masses, momenta, and moments 
of inertia. 

31. The ethereal action upon inert masses or particles, should be 
followed by a reaction of the particles upon the ether. Subordinate 
rotating impulsions should thus be established among the planets, and 
satellites, and particles. 

32. The same harmonic laws which introduce order among the various 
bodies of the macrocosmic system, should also be operative in various 
forms of orderly arrangement, within each of those bodies. 


*The velocity of fall from infinite distance y 29r. 
+Centre of linear oscillation 2 i. 
Oentre of spherical oscillation = 1? r. 


sSee Thesis 26. 
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33. The superiority of the wave-theory over the equilibrium theory of 
tides, demonstrates the importance of considering the cumulative effect 
of successive impulses, both in molar and in molecular investigations. 


34. The height of the atmosphere is sufficient to give the total wave 
tide a position identical with the equilibrium-tide, with the crest verti- 
cally under the disturbing body. 

35. The stratification of the atmosphere, indicated by the various 
currents, should often produce tides in the lower couches of the air 
identical in position with the ocean tides, with the trough vertically 
under the disturbing body. 

36. The resultant of the tangential and radial orbital impulses upon the 
elastic atmosphere, combined with the resistance of the earth’s surface, 
should produce daily barometric fluctuations, of such general form and 
magnitude as have been observed. 

37. All tidal influences upon the atmosphere, whether thermal or 
gravitating in their immediate dependence, should be modified in accord- 
ance with Ferrel’s laws. 

38. There should be cumulative annual as well as daily barometric 
tides, and in consequence of the tendency to maintain ‘equality of 
areas,’’ the two should be so connected as to furnish data for approxi- 
mate estimates of the Sun’s distance. 

39. Local temperature should be a measure of the work accomplished 
by the various local wthereal impulses. The average temperature of 
different latitudes should, therefore, be determinable by a@ priori mathe- 
matical calculation. 

10. The barometric tides, if they are dependent upon elastic «thereal 
waves, should furnish some indications of the elasticity and resistance of 
the «ther. 

41. If the disturbances of the moon and planets upon the atmosphere, 
are produced through the intervention of undulations, and therefore 
cumulative, evidences of such disturbances should be found in the cycles 
of meteorological phenomena. The disturbances should be of a greater 
magnitude than any that are attributable to mere differential-tidal 
attraction. 

42. The velocity and length of sound waves should bear some definite 
harmonic relation to the mean velocity of the atmosphere, as well as to 
the velocity and length of the waves in the primary efficient undulation. 

43. The daily and annual variations of magnetic needles, should be 
similar to those which would be produced by mechanical vibrations simu- 
lating the thermal currents in the atmosphere. 

44, Harmonic analogies should afford probable bases for astronomical, 
physical, and chemical anticipations. 

45. Harmonic relations should be traceable, between gaseous oscilla- 
tions relatively to the Sun and any given planet, which are dependent 
upon the relative masses of the disturbing bodies. 

46. If gaseous particles are uniformly distributed along a given line 





yer 


eae tee 








1874.] 145 [Chase. 


in consequence of an explosion, a secondary centre of linear oscillation 
should be established between the primary centre and the centre of 
gravity, [3 — § of (§ — 3) = $)]. 

47. Planets and satellites, oscillating under the combined action of 
centrifugal and centripetal forces, and subject to disturbances from 
mutual interaction, should tend to arrangements analogous to those of 
the particles in an exploded gas. 

48. The force of superficial gravity, at the Sun and at the principal 
planets, should be in simple harmonic relations to other elements of 
planetary motion. 

49. The laws of mechanical arrangement, in the particles of a homo- 
geneous elastic ether, should give rise to polar forces. 

50. The velocity of primary oscillation (Theses 16, 25, &c.,) which 
satisfies the foregoing theses, by explaining all velocities which are the result- 
ants of gravitating force, ts the velocity of light. 

These Theses seem to me to be all rigorously and mathematically 
connected with the hypothesis of a universal elastic «ther. In my 
accounts of the successive tentative steps, inductive, deductive, and 
anticipative, by which [have been brought to their recognition, there has 
necessarily been much that was crude, and some things that were 
perhaps merely visionary, but the steps have all led towards the same 
goal. While endeavoring to learn caution from my mistakes, I 
have never ceased for a moment to believe that the many harmonies and 
coincidences which I have pointed out, were indicative of important but 
unknown laws. 


The identification of v” and v*, (Thesis 50), is perhaps the most 
important conclusion of the whole, and its importance may render some- 
what fuller details desirable. The common explanation of planetary 
motions, assumes a primitive tangential impulse and a constant gravi- 
tating pull, the resultant of the two forces determining the path at every 
instant. But it should be remembered that the efficient tangential im- 
pulse is by no means the one which was originally communicated ; that 
it, as well as the pull of gravity, is continually shifting its direction, and 
continually renewed ; and that all the known cosmical motions can be as 
readily accounted for by the impulse of waves upon particles differing 
in their relative amounts of inertia, as in any other way. 

In any case of free orbital revolution around a centre of gravity, every 
infinitesimal pull of gravitation is assumed to be efficient, in some way 
or other. If the orbit is circular, the orbital velocity ()/ gr) is renewed, 
as often as a portion of the orbit, equivalent to radius, has been described. 
This fact is, of itself, suggestive of equal oscillations, either alternately 
or simultaneously centripetal and tangential, and it may well justify us 
in looking for some equally simple relationship to an invariable velocity 
of primitive and continual impulsion. 

The only presumably invariable velocity that we know, being that of 
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light, and the only mode of viewing gravitating action, under an inva- 
riable relation to a uniform velocity, being the one which I have pointed 
out in Theses 23 and 24, there seems to be ar a@ priori probability that v 
may be represented by some simple function of the constant velocity 
gt’, and that gravitating motion, as well as light motion, may be undu- 
latory.’ Since gravitating fall acts, in orbital motion, until the sum of 
successive gravitating impulses has communicated a tangential velocity 
equal to )/ gr, thus renewing the orbital velocity, it seems natural enough 
to suppose that the same fall may also act, in rotary motion, until the 
sum of successive impulses has communicated a centripetal velocity 


r A : : . . : : 
v » , thus renewing the velocity of primary impulsion. If the 


gravitating thrusts or pulls are supposed to be all efficient, it is not only 
right, but itis even our duty, as earnest truth-seekers, to try to trace 
their efficiency as far as possible. 

In the oscillation described in Thesis 22, each equatorial particle is al- 
ternately approaching to, and receding from, the orbital centre of gravity, 
during intervals of a half rotation. The integral of gravitating im- 
pulses, at the centre of our system, during each wave rise or fall, is, 
perhaps, as closely identified with the velocity of light, as is the integral 
of gravitating impulses, during the orbital description of radius, with 

" 


gt x 
» 


the orbital velocity. For, from the equation ‘ v*, we deduce, 


~ 


1 1 


2x 497.827 ~ (914.86) 


2 
for the time of solar rotation, ?¢’’ . This 
value differs, by less than % of one per cent., from the estimate of 
Bianchi, Laugier, and Herschel, and by less than 34 per cent. from that 


of Spérer, which is the lowest estimate hitherto published. From the 


iy 


constant solar equation, — vo”, we readily obtain, by introducing the 


2Qrv* 
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27-32. x. 261-9, Sept. 21, 1866; x. 358, Nov. 15, 1867; xii. 392-400, 
Feb. 16, April 5, 1872; xii. 403-17, May 16, July 19, 1872; xiii. 140-54, 
Feb. 7, 16, March 7, 21, 1873; xiii. 193-8, April 4, 1873; xiii. 237-48, 
May 2, 16, 1873; xiii. 470-7, Oct. 3, 1873; xiv. 111-3, Feb. 5, 1874. 

33. ix. — Dec. 18, 1863; ix. 292, Jan. 1, 1864; ix. 346-9, March 4, 
1864 ; ix. 367-71, April 15, 1864; xii. 178-90, Aug. 18, 1871; e¢ passim. 

3- *s. x. 523-33, Oct. 2, 1868; xii. 180, Aug. 18, 1871; xii. 525, July 
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Surgery. 

38. ix. 287, Dec. 18, 1863. 
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18, 1872; xii. 556-9, Nov. 1, 1872. 
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SAVING-FUND LIFE-INSURANCE. 
By Piiny Ear.e CHASE. 
(Read before the American Philosophical Society, April 3d, 1874.) 

Eiizur Wright, the eminent Actuary and formerly Ssate Commissioner 
of Life Insurance for Massachusetts, has proposed a combination of 
Saving Fund and Life Insurance, to dispense with the extravagant com- 
missions of canvassers, and with other enormous expenses incident to 
the present competitive system. If sufficient business could be secured, 
there can be no doubt that such a combination would work admirably. 
In order to float a company until a paying business is established, Mr. 
Wright proposes to start with a capital of $500,000. 

But capitalists are timid in regard to untried enterprises, especially 
when it is proposed to enter a business field without resorting to any 
of the customary methods for inviting business. It may, therefore, be 
well to inquire if there be no other way, in which some analogous ex- 
periment may be tried safely, cheaply, fairly, beneficially, and in every 
way satisfactorily. 

Life Insurance is the safest of all kinds of underwriting. The risks 
are known with greater certainty, the contingencies of extraordinary 
misfortune are fewer, the margin reserved for unforeseen calamities is 
more liberal, and the interest of the beneficiary in guarding the risk is 
greater, than in any other of the many forms of protective insurance. 
The only case in which a guarantee capital would be of any advantage, 
is when heavy losses occur before sufficient accumulations have been 
provided to meet them. 

Saving Funds, notwithstanding their occasional failure, have long 
been, aud will doubtless continue to be, more popular than Life Insu- 
rance Companies. They require no expensive corps of agents or can- 
vassers, and but little advertising, especially if the interest of the benevo- 
lent can be enlisted in their behalf. This may be easily done if other 
advantages are added to those of an ordinary Savings Bank, and es- 
pecially if the depositors and friends of the Institution can be brought to 
feel that the money can be withdrawn in case of pressing personal 
necessity, while, in case of early and unexpected death, the bereft family 
will be specially benefited. The proper way, therefore, to inaugurate 
the proposed experiment, would seem to be, to add new inducements to 
a system that is already cheap and popular, rather than to enter into the 
field of direct competition with the cumbrous and expensive organizations 
and appliances which have been thought necessary for the successful 
working of a system that is costly, and, ia many respects, unpopular. 

In order to secure such added advantages as I have suggested, I submit 
the following outline of a plan, which may, perhaps, be so modified by 
hints derived from the study or experience of others, as to be deemed 
worthy of practical trial. 

1. Credit all depositors with four per cent. simple interest, and give 
them the right to draw upon their accounts, either under the usual re- 
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strictions, or subject to such regulations as may from time to time seem 
desirable. 

2. Credit all profits to a general fund for the benefit of the family, or 
other specified persons, at the death of each depositor, the interest of 
each contributor, in the common fund, being proportional to the amount 
of his average deposits. 

3. Encourage beneficial contributionships, of stated sums per week, 
month, or year, for the payment of fixed sums at the time of death, the 
payments being further guaranteed by a sufficient stipulated tax upon 
all the survivors. 

4. Open accounts in accordance with the ordinary principles of Life 
Insurance, crediting each deposite with the amount of a fully-paid 
policy to which it would be entitled. These accounts will facilitate the 
determination, at the death of each depositor, of his interest in the com- 
mon fund, and they will prepare the way fora final safe assumption of all 
the risks of specific Life Insurance, Endowments, Annuities, Tontines, &c. 

5. Allow the beneficiaries, if they desire it, to continue their partici- 
pation in the accumulated profits, for ten years after the death which 
gives them an interest in those profits. 

6, Convince merchants, manufacturers, clergymen, and benevolent 
individuals generally, that the depositors in the proposed institution 
will receive a greater return, in case of early death or other unforeseen 
calamity, than they could obtain from any other source. The voluntary, 
unpaid recommendations, thus secured, would soon command a large and 
profitable business. 

7. Enlist the co-operation, in the Board of Directors, of men whose 
reputation for tried integrity and disinterested philanthropy, will be a 
sufficient guarantee of wise and equitable administrations. 

8. Invite an examination, by the wealthy and charitable, of the claims 
of the Institution for their consideration, and for a participation in their 
bounty. Contributions thus obtained should be added to a permanent 
fund, the income being used for the benefit of all the depositors. 

After a sufficient capital has been accumulated, all the specific under- 
takings of Life Insurance and Annuity Companies could be assumed 
with perfect safety, and with ‘the assurance of larger returns than any 
Company can now aflord. <A. large amount of the best class of business 
would come from intelligent, careful men, who are influenced more by 
their own judgment of the merits of a system, than by the representa- 
tions of canvassers. There would be no forfeiture, no anxiety from fear 
of inability to meet the yearly increasing burden of a large yearly pre- 
mium, no doubtful hesitation about investing the unusual profits of pros- 
perous years, no fears of pettifogging attempts to evade payment in case 
of death. The young, strong, industrious and prudent, whose risks are 
least, while their need of insurance, in case of unexpected calamity, is 
greatest, would contribute so large a part of the deposits, that the 
accumulations of the benificiary fund would be unusually great, and all 
the participants would be proportionately helped thereby. 
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A DOWNWARD ATMOSPHERIC CIRCULATION, AS ONE 
CAUSE OF EXTREMES OF COLD. 


By Lorin BLODGET. 


(Read before the American Philosophical Svciety, May 1st, 1874). 


The system of atmospheric circulation which gives us a general easterly 
movement in temperate latitudes, scarcely needs further explanation, yet 
the recent establishment of observatories eon Mount Washington and on 
Pike’s Peak, are found to afford positive evidence in verification of such 
movement that is full of interest. The easterly current on the top of 
Mount Washingon, at least, is almost constant and with extreme velocity, 
in a direction the resultant of which is almost due east, and there are no 
conditions apparent to throw doubt on the general assumption that this 
is the returning current of a vast system of atmospheric circulation to 
and from the tropics, primarily, through which the heat and humidity 
of the tropics are widely diffused at both the northern and southern tem- 
perate belts. 

But I propose only to refer to some deductions that have for some time 
past impressed me with great force, as to the origin of certain almost in- 
explicable facts of our climate, at points near the northern border of this 
system of circulation ; and particularly in the colder parts of the United 
States, east of the Rocky Mountains, in winter, and indeed, in all the 
cold months. I had the honor to lay before this Society on a former oc- 
casion, some suggestions as to the origin of the extremes of cold observed 
at various points, chiefly of the northwestern interior, and to express the 
conviction that these extremes were not propagated, or transferred along 
the surface, as a part of what is usually thought to be the surface circu- 
lation from the west; and also that they do not move down—that is, 
along the surface—from the north, or from any other point of the com- 
pass. On the contrary, they appear to be instituted or eatablished at the 
point of their most extreme existence, as if brought down from the upper 
atmosphere, or as if the result of the action of causes extraneous to the 
earth’s atmosphere. 

The recent extension of observations to the territories of the plains, 
and to posts on both sides of the Rocky Mountains, has given us a new 
basis of facts for the discussion of the symmetrical climates of the eastern 
United States, as I may call them, since their principal changes are 
usually quite symmetrical ;—and it has disclosed the fact that no sym- 
metry or correspondence of phenomena can be traced across the Rocky 
Mountains, connecting any great storm, or any area of excessive heat, or 
excessive cold, with any like condition at the east. I have been particu- 
larly observant of such facts as I could obtain in regard to this point 
along the northern belt, for the purpose, first, of tracing, if possible, the 
origin of the remarkable extremes of cold occurring in Dakota and Min- 
nesota ; and have spent much time in examining these cases, with the 
result of coming to the conclusion that there is absolutely no connection 
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or movement from Oregon or Washington Territories eastward to the 
country of the Upper Missouri, or to the line of Red River of the north. 
There is no progressive march of a refrigerated area, or of a barometric 
depression, along that line from west to east across the mountains. And 
the line of separation is far east of the mountains themselves, apparently 
as far as the Yellowstone, nearly , though of course, there is some partial 
correspondence of phenomena west of this line, and some general relation 
of the principal conditions. And here I anticipate the more precise re- 
sults I hope to obtain, in explanation and corroboration of these positions, 
in order to put forth a view of the causes of these phenomena which ap- 
pear to me new, and which I hope others will examine also. It is that 
in the system of atmospheric circulation before referred to, there must 
be a general descent of atmospheric volumes to the surface at or near 
the northern border of the velt ;—that this descent may be of masses 
sometimes large, and depleted of both heat and moisture before they de- 
scend ;—-that descending volumes may come also from the adjacent at- 
mosphere on the north, not containing heat or moisture brought from the 
tropics ;—and that, as a general fact these cold, dry masses of air, sink- 
ing quietly, or poured down with force and violence, to spread over the 
surface as cold and violent winds, do cause many otherwise inexplicable 
extremes of cold in the winter and spring particularly. 

The descent of masses of heavy, cold air, must often be induced simply 
to fill the void caused by contraction of the volume of air from which rain 
and snow fall. Allalong the belt of westerly winds this contraction is 
going on, and this very rapidly during all the colder months. Moving 
with a constant motion toward the earth, as well as along the surface, it 
is only a natural vicissitude of this condition, that the descending mass 
should, at intervals, be poured, like a mass of cold water, over the border 
of the humid belt, prongs the extremes that so often appear to strike 
down from above. 

I do not remember seeing much reference, hitherto, to descending vol- 
umes of air on the northern border of this belt of circulation, yet as the 
trade winds steadily withdraw the air beneath, toward the tropics, it 
must necessarily return above ; and it must descend as it returns. If all 
these movements were perfectly regular, we should see no spasms of se- 
verity, but as, in fact, there are many days of steadily expanding heat in 
spring, the days on which the contraction occurs are only the more vio- 
lent. Hence those heavy pouring winds, that bring such severity of cold 
during the spring months ; winds which are neither winds of propulsion, 
nor of aspiration, but merely the forcing down of cold masses of air from 
the upper atmosphere, to spread along the surface to some extent, but to 
be perpetually recruited and renewed from above. An easy experiment 
will illustrate the condition, by dropping the upper sashes of high win- 
dows in a heated room on a cold day,—the downward movement will 
prove unexpectedly tangible and heavy, and as conspicuously marked, 
almost, as if water were poured through the windows 
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On several occasions during the present month of April, the weather in 
the seaboard States has exhibited this phenomenon. All of the severely 
cold weather, for the season, has been initiated at the point where its 
greatest severity was experienced ; not being transferred along the sur- 
face from any point at the west, or at the north. For many days of the 
present month (April) these cold and heavy winds have been felt in the 
country east of the Alleghanies, when in no single instance that I can 
trace, has there been any connection or conformity of movement from the 
western or northern interior. Like severity has often existed there, but 
the fact, and all its relations, was local in this sense, or was not connected 
or continuous with other districts. 

When the enormous friction of atmospheric contact with the surface is 
taken into account, it must be apparent that there can be few winds of 
propulsion. I think it may be fairly assumed that the greater number of 
winds in cold weather particularly, are winds that descend, and that to 
this descent most of their continued force is due. On Saturday, April 11, 
and Sunday, April 12, the thermometer fell at Washington under the in- 
fluence of these obviously descending winds until in the night of the 12th 
it reached a minimum of 19°, while for three days previous no place west 
of the Alleghanies in the same latitude was below 50°, and the average 
temperature at Fort Sully, on the Missouri, 1200 feet above the sea, and 
in latitude 45° north, was as warm as at Philadelphia, at sea level, in 
latitude 429 N. This remarkable depression of temperature could not 
have been due to radiation, since all the areas west and north were even 
more exposed to radiation, being clear and calm ; nor was it due to north 
or northwest winds propagated along the surface, for there had been no 
cold winds from these points at the west or north for several days. Nor 
was there any general storm to effect a displacement or shrinkage, at 
least no storm on the continent. There may have been some general 
storm, or shrinkage at sea, however, facilitating or inducing a@ descent of 
heavy masses of cold air from above to supply the partial vacuum. 

I venture to assume, therefore, a large measure of influence in causing 
extremes of cold in these latitudes to the descending volume of air inci- 
dent to the shrinking and wasting of heat and moisture from the atmos- 
pheric current eastward in the course of traversing the continent. Its 
northern border is perpetually invaded by fitful alternations of displace- 
ment ; sometimes getting calm and intensely cold, to reduce the tempera- 
ture in winter to 10°, 20° or 30° below zero; and in spring, when the 
general accession of heat gives a more free play of the forces, a frequent 
recurrence of heavy northwest dry winds poured from above, and from 
the north, displacing and condensiny the local, or surface atmosphere ; 
and this overflow is almost constantly repeated until the whole system of 
circulation has been swept beyond our limits at the north, by the advance 
ofsummer. During most of the summer months the rarifying and ex- 
panding forces prevail so completely, as to remove all these phenomena 
far to the north, or possibly to another hemisphere. 
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We shall undoubtedly be compelled to revise our views as to the pri- 
mary or leading condition of general storms. The barometer is by no 
means a certain guide, and instances of severe storms with continuing 
high pressure throughout are frequently recurring. The recent severe 
storm of Saturday and Sunday, April 25th and 26th. This storm began 
with the barometer .15 above the mean, and scarcely fell below the mean 
of 30. inches) after ten or twelve hours of continued severity, and when 
at its height here, on Saturday evening. At Pittsburgh, Cincinnati, 
Louisville, &c., there was also no perceptible depression below the mean, 
the barometer being generally at almost exactly 30 inches. No storm 
was anticipated by the signal office, nor were there any evidences such 
as usually appear, justifying anticipations of a severe storm. Yet few 
storms have been as severe, the N. E. wind of Saturday night being ex- 
tremely heavy here, while northeastward, to Nova Scotia, the slow but 
certain progress continued throughout the day and night of Sunday. On 
Monday morning, it is true, a considerable barometric depression appears 
in Maine and Nova Scotia, of half an inch, or more, in places, but this 
appears to have set in eastward of New York, almost exclusively. The 
storm was violent and long continued at New York and southward, with 
very little barometric depression, not enough to warrant expectations of 
a storm, or any severity of winds. There have been several conspicuous 
instances of a similar character since the Signal Service observations gave 
us such excellent opportunities for observation. 

I repeat, that the evidence is cumulative in support of the position that 
the atmospheric movement in the colder seasons in these latitudes is one 
of constant descent of volumes ; that the cold gales of the spring months, 
strike in at areas east of the Alleghanies from the northwest, when they 
are unknown west of that line ; and occur in repeated instances not only 
when by no possibility they could be continuous, or connected with like 
movements propagated from the northwest, but also when the winds, 
even so near as Pittsburgh, blew all the time in an opposite direction. 

The almost inexplicable phenomena presented by the severity, the per- 
sistence and force of these winds, with the low temperature they bring, 
become easy of solution, under the view that their volume is perpetually 
renewed at all points where they prevail, by constant pouring from above, 
as if a current of cold water was renewed and enforced in its movement 
by so pouring a stream downward, as well as along the surface. On each 
of the last three days the facts of such forcible descending winds were 
experienced here, and during the full period of ten days preceding there 
was, as the Signal Office charts will show, a marked absence of west or 
northwest winds at all points of the western or northwestern interior, 
from which it is usually supposed these high cold winds are derived, and 
propagated eastward along the surface to the Atlantic Coast. In fact, 
for a week from April 25th to May 1st, the weather was warmer at Pem- 
bina, lat. 49° N., than at Philadelphia, in 42° N., being 44° for the 1 a. 
M. observation at Pembina, to 42° for the same at Philadelphia. 

+ 


A. P. S.—VOL. XIV. 























































Channing. } J [May 1, 1874. 


METEOROLOGICAL PECULIARITIES OF NEW ENGLAND. 


3y WILLIAM F. CHannine, M. D. 


(Read before the American Philosophical Society, May 1st, 1874.) 


For twenty years I have noticed an invariable coincidence between 
the appearance of ice in quantity on the Newfouhdland Banks or neigh- 
borhood, and an unusual, often constant rainfall in New England. This 
rainfall appears to be in proportion generally to the amount of ice, and 
it is followed, I think always, by a dry period, perhaps a drought of 
several weeks, the drought apparently having some proportion to the ex- 
cess of previous rainfall. 

The appearance of ice on the Banks or neighborhood varies in differ- 
ent years, from April to June, and the wet spring and summer drought 
are early or late accordingly. Many years the quantity of ice is small 
and the disturbance of the rainfall is hardly noticeable. I am aware how 
many observations are required to establish a meteorological law for any 
part of the earth’s surface. I therefore only venture to ask attentioa to 
these coincidences. 

There is another obvious peculiarity in the meteorology of the New 
England coast, due to its geographical position. The projection of 
Eastern Massachusetts and Rhode Island into the Ocean may be com- 
pared to a nose on the Atlantic profile of the country. It happens hence 
that storms following a course parallel with the coast, but either just 
inside or outside the coast line, will in the one case pass entirely inside 
the projecting shore of New England, and in the other, sweep over 
Eastern New England, without warning, while the rest of the country 
enjoys average clear weather. From these two proceedings, land storms 
passing inside, and sea storms extending over the coast from Cape Ann 
to New London, it results that the weather predictions are more fre- 
quently falsified over this region than perhaps on any other part of the 
coast or interior. And yet no part of the American Coast is more densely 
thronged with vessels in both the coasting and foreign trade. 

It would seem desirable, for the study of the ocean storms, which 
sometimes thus touch New England, {as well probably as Hatteras), to 
extend the Signal Service to the Bermudas (by a special cable) and also 
to Nantucket, and generally to extreme outlaying points on the coast. 
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NOTE ON THE COLUR OF THE MOON. 
By Pror. PERSIFER FRAZER, Jr. 
(Read before the American Philosophical Soc‘ety, May, 1st, 1874.) 


On the 19th of September, 1873, I presented to the Society certain 
views which as it seemed to me offered a satisfactory explanation of the 
change of color undergone by the moon during the passage of the 
twilight circle overher disc. i stated at that time that since what light 
we get from the moon is reflected solar light, which so far as we can 
discover has suffered no change on the surface of the moo», it would be 
natural to suppose that the color of the light would be the same as that 
of the Sun’s light. 

The Sun’s light is well known to be orange, and the Moon’s in the day 
time white, while at night the latter exhibits the same color as the Sun, 
though the light is vastly more feeble. 

That this change of color in the Moon depends upon the position of 
the observer relative to the Sun there can be no doubt, and it is equally 
certain that the phenomenon is of atmospheric origin, for the moon still 
remains white for some time after the Sun has set. 

If, as Tyndall supposes, the blue color of the sky be due to the scat- 
tering of the smaller waves of light by the infinitessimal particles or 
motes of the upper atmosphere ; and if the paths pursued by these re- 
flected blue waves be, as experiment proves, in all directions from all 
parts of this attenuated matter, the change of color may be easily ex- 
plained.* 

Thus the Sun appears to us orange or yellow, because, of the waves 
constituting white light, which impinge upon our atmosphere, a greater 
proportion of blue than of red and yellow waves are scattered. Of these 
waves thus scattered, a large proportion is thrown out again into space, 
while what remain are sent in all directions—even directly towards the 
Sun. 

This is one cause of the blueness of the sky, if not the only one. 


When the Moon is shining at night the same conditions are fulfilled. 
A small fraction of the Sun’s light is thrown unchanged into our atmos- 
phere and suffers the same filtering which his beams in daylight undergo; 
with this difference, that as the blue rays are very inferior to the yellow 
in luminousness, the more the amount of light is diminished, the brighter 
relatively to the whole amount will appear these scattered rays; and 

*The objection that if the waves of light were thus sifted by tenuous matter, those 
of least length (or the ultra violet) would impart their color to the sky is invalid be- 
cause Tyndall has shown, and every one can demonstrate for himself, that the earliest 


appearance of color in a medium in which infinitessimally fine particles of matter are 
suspended is blue. Vide “ Blue color of sky,’’ &c., Tyndalé, 
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thus it happens that in a clear moon-light night the sky is much more 
strikingly blue than the same sky would be at mid-day. 


When the Moon shines in the day-time we must suppose that the rays 
she sends to us are affected in precisely the same way as at night. If 
she appear white (as is the case) it must be owing to an addition to this 
light of the constituents which it has lost, viz., blue. We know that 
these waves are coming to the eye from every part of the sky, and there- 
fore from that part occupied by the disc of the Moon, and hence the in- 
ference is natural that this contribution from the store of the Sun’s light 
just makes up what was necessary to produce white light, and that as 
this accession can go on afterthe setting of the Sun, and until the 
twilight circle has passed over the Moon, the whiteness of the latter will 
commence to fade as the thickness of shell of direct rays diminishes, and 
the maximum of deviation from the color (under given conditions of the 
atmosphere) will be reached just after the Sun has reached a point in the 
heavens whence the last direct ray tangent to the earth’s surface falls in 
the upper limits of the atmosphere on a line joining the Moon with the 


eye of the observer. 


But there is a practical mode of testing this hypothesis, which is de- 
pendent upon the polarization of the sky light in directions perpendicu- 


lar to the Sun’s rays. 


When the Moon is in her first quarter she lies in just this direction 
from the observer; and since the blue light from the Sun, which, added 
to her own, causes her to appear white, is polarized, the Moou when 


viewed through a Nicols’ prism by day ought to appear orange. 


This observation has been many times repeated by me, and the results 
are precisely those anticipated. 


Owing to the fact that there is always some unpolarized light received 
in this direction the change of color is not quite so marked as is that 
from day to night, still the change is very striking and unmistakable. 


There is another cause for the blue color of the sky which is the effect 
of contrast in the eye. If all the light which was reflected was white 
light and very generally diffused over the firmament, the effect of the 
bright yellow orb of the Sun or Moon would be to tinge this light with 
blue so far as the subjective phenomenon was concerned. But that this 
does not explain the whole of the phenomenon is evident from the fact 
that the blue light obtained by Tyndall from his decomposition tubes 
was also polarized in a direction perpendicular to the path of the beam. 
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NOTE ON THE SOMERSET COUNTY COAL BEDS IN PENN- 
SYLVANIA. 


By Jonn FULTON. 
(Read before the American Philosophical Society, May 1st, 1874. 


In a recent professional visit to Somerset county, I obtained a vertical 
section of a portion of the Lower Coal Measures. As this part of the 
State has been, until quite recently, shut out from investigation, I pre- 
sumed that this scale would be interesting, and I respectfully submit it. 

The section was obtained from recent coal exploratians, near the 
village of Garrett, cn the Pittsburg and Connellsville Railroad. At this 
place, the Seral Conglomerate is very clearly developed, rising gently 
westward on the eastern flank of Negro Mountain. 

Negro Mountain, or rather the Anticlinal bearing this name, plows up 
the middle of the first great basin, dividing it, at this place, into two 
shallow troughs having their greatest depth of coal measures near 
Meyer’s Mills and Bear Creek—the whole lying between the Alleghany 
Mountain on the east, and Laurel Hill on the west. 

Over the back of Negro Mountain, the coal measures and conglomerate 
have been swept away, leaving uncovered the red back of this large anti- 
clinal. 

Castleman’s River cuts deeply across the Negro Mountain antivlinal, 
unfolding a natural geological section, which has been further elabora- 
ted by the railroad cuttings along its northern bank—the whole affording 
unusual facilities for studying Formations XI and XII, with the posture 
and stratigraphy of the coal measures shoreing on either flank. 

Beginning in the railroad cutting, immediately west of Garrett Sta- 
tion, the Seral Conglomerate can be studied up to its floor. In this cut- 
ting, a thin seam of impure coal has been brought to light. It also ex- 
hibits a rather unusual plunge of the strata eastward, carrying the 
measures down 300 feet in three quarters of a mile—-with this exception, 
the measures exist under very gentle dips. 

The Conglomerate, in its mechanical structure and general appearance, 
resembles very closely Broad Top and Clearfield. 

I did not obtain its total thickness but examined over 300 feet of it, 
which indicates a greater depth than at Broad Top. 

The floor line is distinctly marked in a bold cliff outcrop, 10 feet deep, 
of rather massive Conglomerate, slashed with clearage planes. 

On this rests a belt composed, at its base, of thin plates of sandstone 
graduating into shales and blackslate as it approaches the (A) coal seam. 
The division has been terraced with a flat slope, from the brow of the 
Conglomefate to the coal seam, profiling the two horizons very dis- 
tinctly. ° 
The first coal seam rests on a thin floor of fireclay. The coal bed has 
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two benches, the lower, 18 inches thick, is an impure cannel coal inclin- 
ing to block structure—the upper is a medium quality of semi-bitumi- 
nous coal with the well marked columnar structure peculiar to the 
Alleghany coals. 

The interval between this and the next small coal seam is composed 
of thin plates of sandstones with olive colored shales. 

The second workable seam (B) is pre-eminently the bed of the Lower 
system of coal measures. Not perhaps so much from its size and good 
quality of coal, as from its ready and sure identification, wherever it 
exists, by the massive bed of limestone on which it rests. The farmers 
trace it from hillside to hillside, regarding it with peculiar affection as a 
double gift—not only supplying fuel for domestic use, but also lime to en- 
rich the ‘‘glades’”’ in their mountain farms. 

The coal in this bed is columnar in structure with plates of mineral 
charcoal disseminated. 

In structure and quality it is closely associated with the best Clearfield 
coal. It will be found a superior fuel for iron working. 

The third seam (C) is all pure coal of an excellent quality, but as the 
bed is high in the measures and does not occupy a wide area in this 
portion of the field, it has as yet received little attention. 

From seam B to the top of the scale the measures are composed of 
very soft flesh and olive colored shales, which have been 10unded and 
softened into easy rolling slopes and rounded hills. 

Some pieces of the blue and drab colored carbonate iron ores of the 
coal measures were shown me, but their places in the scale were not 
clearly made out, 

The coals from the Lower Measures have thus far only found a local 
demand. Evidently the time has not come, or the right channel been 
opened to this great ocean of mineral fuel. It is yet like the Dead Sea, 
it has no outlet. True, the Pittsburgh and Connellsville railroad has 
opened channels to the markets east and west, but the law of supply 
from the large and excellent ‘‘ Pittsburgh seam,”’ 
as inexorable as the law of gravity, in holding back the Somerset lower 


west and east, is found 


coals, for the present at least. 

There is one channel to market which is being discussed, that is, by 
the opening of a railroad connection of 35 miles from Berlin to Mann’s 
Choice on the Bedford Division of the Pennsylvania Railroad. This 
would furnish a channel for these coals to flow into market side by side 
with the Broad Top, Clearfield and Cumberland Coals. 


Saxton, BepForpD Co., Pa., April 17, 1874. 
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COSMICAL EVOLUTION. 
By Pirny EARLE CHASE, 
PROFESSOR OF Puysics IN HAVERFORD COLLEGE. 
(Read before the American Philosophical Society, May 15, 1874. 


We may reasonably assume, that natural laws which are the most 
general and the most constant are also the oldest, and that increasing 
specialization is an indication of increasing, and comparatively recent, 
development, 

The relation of luminous undulation to gravity may, perhaps, be 
most satisfactorily formulated in the following terms: 

At any point in space, perihelion velocity in a parabolic orbit (or its 
equivalent, the velocity communicated by infinite gravitating appulsion 
to the same point) is a mean proportional, between the variable mean 
velocity of the vector-radial oscillation due to solar rotation,* and the con- 
stant velocity of light. In other words, if ¢’/’ = time of solar rotation 
under a volume of any assumed radius, 7, * 

4r . » . *-*. » . . of . 204 
t!! ° V «g! °° V «9g? ° oe J 

Since this formula, with the modifications indicated by Thesis 21,+ is 
applicable to all possible orbital motions about the Sun, as well as t» solar 
rotation and solar motion in space, it seems to represent the most gene- 
ral, and, therefore, the oldest physical law yet discovered. t 

Next in point of generality, appears to be the relationship of orbital 
belts to the point, towards or about which every particle of our system 
is perpetually oscillating or tending to oscillate, viz., the mean-peri- 
helion centre of gravity of our binary star$ (Sun-Jupiter). The 
x-series of multiples of the primary radius which is determined by that 
centre,§ fixes the major axis of solar revolution about the stellar centre 
of gravity, decides the relative masses of the Jovian and Telluric 
systems, || and groups the planets into pairs, the points of division corres- 
ponding with such apsides of Mercury, Earth, and Saturn, as recent in- 
vestigations have shown to be actually correlated, through mutual plan- 
etary interaction. 

The next steps inthe development of planetary order, were, perhaps, 
the tixing of an outer limit to the system, at such distance that the 
passage of a light-wave, from its linear centre of oscillation to the sun, 
is synchronous with the time of planetary revolution at the Sun’s sur- 
face ;** the establishment of new centres of inertia at harmonic nodes ; 


* The Sun’s volume being supposed to expard or contract, homogeneously, to the 
given point. 

+t Proc. Amer. Philo. Soc., April 17, 1874. 

t VR VV VR TD OTN WN) Genesis, i. 3 

§ xiii. 471, sqq. 

xiii. 240, (3). 
** xiii. 248, et ante. 
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and the determination of orbital eccentricities by the blending influence 
of linear, circular, sphecical, and harmonic undulations.§ 

It is evident that every planet, satellite, or other rotating and revolv- 
ing globe, may have its principal motions formulated by the continued 
proportion, 

4r 

t/! 
under every possible variation of g, r, and t’/’. The various primary 


) ‘ x ge Bas 
y2gr i: y2gr: (ov ) ; » being constant for each body, 


9 ’ 


cosmical velocities having been determined by the general wthereal undu- 
lations, and the arrangement of the planets being dependent on subor- 
dinate harmonic undulations, we may reasonably look for various second- 
ary values of v® having a similar dependence, indicating a relation- 
ship to solar centrifugal impulsion, analogous to that of the primary 
velocities to #thereal centripetal impulsion, and marking a further pro- 
gress in development. 

The equilibrium of solar centrifugal and centripetal forces, indicated 
by the equation o Vg’, is @ maximum at the Sun’s surface. This 
maximum velocity is equivalent to the constant determining velocity 
(o”) for Jupiter and Earth, the controlling planets of the extra-aster- 
oidal and intra-asteroidal belts. 

There is still some uncertainty about the value of ¢’’ for any planet 
but the Earth. But Proctor’s discussions seem to leave no room for 
any important error in the case of Mars, and the lengths of days at 
Jupiter, Saturn, Venus and Mercury, are known accurately enough to 
furnish data for satisfactory comparisons. If we compute the values 

x _ 


of ¢ “> from the commonly accepted elements, and regard dimin- 


ishing velocity as an evidence of increasing inertia and lapse of time, the 
order of planetary development, after the two principal planetary 
centres had been fixed, appears to have been Venus, Mercury, Saturn, 
Mars, the inner system, as a whole, being older than the outer. 
Evidences of increasing complexity are found, not only in the varied 
simple relationships to the primary radius,+ but also in mutual planetary 
associations. The points at whi-sh the reactionary centrifugal undula- 
tions would have communicated velocities equivalent to 0” for Jupiter, 
Earth, Venus, and Mercury, are all within the asteroidal belt. The car- 
dinal point, that for Jupiter and Earth, is near the outer asteroidal limit, 
nearly midway between the orbits of those two controlling planets, and 
at nearly a mean proportionate distance between the Sun’s surface and 
Saturn, as well as between Mercury’s perihelion and Neptune’s aphelion. 
Venus and the Moon are related to the Earth, nearly as Neptune and 


* If m — mass of any planet or satellite, in units of Sun’s mass, we have the gene 


2mv/ 
i 
+ xili, 246-8. § xiii, 471, sqq. 


ral formula g , t’ being time of solar rotation for radius r, 
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Mercury to the Sun,* and their geocentric motions, as well as the 
terrestrial value of gt’, (t’/ being the time of orbital revolution), are in 
simple relationships to the velocity of light.+ The determining point for 
Saturn is in the orbit of Mars ; that for Mars, near Earth’s perihelion. 

My discussions of explosive oscillation§ have indicated a probable de- 
pendence of the chemical laws of combination and dissociation, upon the 
same forces which have determined planetary mass, motion, and arrange- 
ment. They may, therefore, help toward the further extension of 
the study of universal evolution. 

The almost inconceivably minute portion of the mean light-wave velo- 


city { ii57/10) Thesis 14) which suffices to explain all the gravitating 
motions of our system, seems to confirm the theory of M. Lecoq de 
Boisbaudran, who attributed weight to the longitudinal vibrations of the 
wther. The views of Cauchy and Moigno, who find in those vibrations 
the origin of heat, point to a still more complete identification of ther- 
modynamic and cosmical laws, while the enormous excess of apparently 
unused velucity, may account for Laplace's conclusion that the propaga- 
tion of attractive force is at least six or eight million times as rapid as 
that of light. 

I am indebted to Abbe Moigno for a copy of Father Leray’s ‘‘Con- 
stitution de la Matiére et Ses Mouvements,’’ with a valuable historical 
Preface by the Abbe himself. This very interesting essay, like the some- 
what earlier dynamic discussions of Challis and Norton, t demonstrates 
the plausibility and the adequacy of Newton’s ethereal hypothesis. [I 
hope that the accordance of that hypothesis with the facts of Nature, 
which I have pointed out, and the simple mathematical basis upon which 
I have rested that accordance, may lead other competent analysts to labor 
in the same field. 

Even while ending this note, I find some new and interesting correla- 
tions of mass, density, time, and harmonic undulation, which may prove 
to be important. If we call the distance, at which a satellite would re- 
volve about a planet in the time of the planet’s orbital revolution, the 
isochronal radius, we have : 

1. The mass of the Sun, is to the mass of any planet, as the cube of the 
planet’s radius vector, is te the cube of its isochronal radius. 

2. The perihelion radius vector of Jupiter, is nearly equivalent to x? 
times its isochronal radius, 

3. Jupiter’s radius, is to its isochronal radius, as its mass, is to Sun’s 
mass. 

4. Earth’s isochronal] radius is a mean proportional between its own 
radius and Jupiter’s perihelion radius vector. 

* xii. 398, (1), 409; xiii. 246-7. 

+ xii. 392-417, &e. 

t xiii. 246. 
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ELECTRICAL SPECTRA OF METALS. 

RESULTS OF AN EXAMINATION AS TO THE PRACTICABILITY OF ASSAY- 
ING METALS USED IN COINAGE, BY MEANS OF SPECTRUM ANALYSIS, 
MADE IN AND FOR THE ASSAY DEPARTMENT OF THE U.S. MINT aT 
PHILADELPHIA, 

By ALEex. E. OUTERBRIDGE, JR. 
Communicated to the American Philosophical Society, by Mr. W. E. Du 
Bors, Assayer of the Mint, May 15th, 1874. 


It must have occurred to many, when this brilliant method of scientific 
research succeeded in detecting the presence of metals, in any given sub- 
stance, even to an infinitesimal nicety, that the next step must be to de- 
termine the proportion of such presence ; in other words, the qualitative 
must certainly lead to the quantitative, as in other chemical processes. 

The Annual Report of the Royal Mint at London, for 1872, (dated 15th 
of April, 1873,) contains an official memorandum of Mr. W. Chandler 
Roberts, Chemist of the Mint, from which it appears that he was engaged 
in examining this subject, at the suggestion of, and in connection with, 
the distinguished spectroscopist and astronomer, Mr. J. Norman Lockyer. 
No decided results had been reached ; but Mr. Roberts concluded by ex- 
pressing the belief ‘‘that every effort should be made to render the in- 
strument serviceable in the operations of minting.’’ 

The present modes of assaying gold and silver, both in alloys and in 
ores, have been brought to such perfection, such accuracy, delicacy and 
dispatch, that it seemed almost a matter of regret to have them super- 
seded or disturbed. And yet, there is something captivating in the idea of 
a determination, as it were by a flash of lightning, or in the twinkling of 
an eye, what proportion of gold or silver is present, in any bar, or coin, 
or native ore. It therefore seemed desirable that our own Mint should 
maintain its character for examining and adopting real improvements, 
and not to wait indolently to hear what might be done abroad. 

One of the assistants in the Assay Department, Mr. Alexander E. Out- 
erbridge, Jr., had for several years given special attention to spectrosco- 
pic studies, both in theory and in practice ; and to him therefore, the 
subject was committed ; with what propriety, and what success, will 
sufticiently appear from what he has written. This will be found in the 
two following communications addressed to the Assayer. 

The details he has given are well worth a careful study ; but we can- 
not help noticing, in a few words, the astonishing paradox at which his 
experiments arrive ; namely, that this method is, in one respect, by far 
too sensitive and minute ; and in another respect, far from being minute 
enough, to serve the uses of assay. It was worth all his patient labor 
many times over, to come to this conclusion; as we must come in the 
present state of this branch of science. And it is likely, that the natural 
and necessary imperfections of metallurgy, the want of complete atomic 
homogeneity in the mixing of metals, will forever prevent the spectro- 
scope from taking the place of the present methods of assay. 

As Mr. Outerbridge has been careful to give facts rather than suppo- 
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sitions, he has omitted any explanation of the anomalous results in the 
final part of his report. And yet it seems evident that where two metals 
are present, the spark will to some extent elect for its vehicle the one 
which is most rapidly vaporized. This is notably shown in alloys of 
gold with copper. It is also very striking in the alloy of nickel and cop- 
per, of which our five-cent piece is made. The nickel, which constitutes 
one-fourth, controls the color of the alloy entirely; and yet, being far 
more difficult of fusion than the copper, scarcely shows a trace in spec- 
trum analysis. This result is particularly regretted, because a shorter 
way of assaying this mixture for coinage is very desirable. 

These experiments, it is believed, will be of use to show what may, and 
what may not, be expected from the spectroscope in the way of analysis 
where several metals are components. They may also be of use in other 
departments of investigation. D. 


Philadelphia, October 30, 1873. 
Wma. E. Dv Bors, EsqQ., 
Assayer U. 8. Mint. 
Srr :—In pursuance of instructions received from you, to examine the 
subject of the ‘‘ Electrical Spectra of Metals’’ with a view to its possible 
application to assaying, I beg respectfully to report, as follows : 


With a small induction coil, and with a two-prism Browning Spectro- 
scope, I tried some experiments to obtain the effects recently discovered 
by Mr. J. Norman Lockyer, of England, viz., the discernment of differ- 
ences in the lines of the Spectra of different Alloys of Gold and Silver. 
In other words, to utilize the Spectroscope as a means of quantitative, as 
well as of qualitative analysis. 

I had several interviews with Professor Barker, of the University of 
Pennsylvania, (a recognized authority on the Spectroscope), who had re- 
cently met Mr. Lockyer in England, and to whom I am indebted for 
valuable information pertaining to the subject. 

I soon found that although I was able to distinguish clearly between 
the spectra of pure gold, 1000 fine, and of an alloy of gold and copper 
900 fine, inasmuch as the copper Jines appeared in the one case, and not 
in the other, the induction coil was quite inadequate in its length of spark 
to exhibit any appreciable differences between two alloys of gold and 
copper. I then applied for, and was accorded by my friend President 
Morton, of the Stevens Institute of Technology at Hoboken, the privi- 
lege of conducting my experiments at that Institution. 

Professor Morton most kindly placed at my service the elaborate 
apparatus in his collection ; and I visited New York on Monday last, the 
27th inst., returning this evening. 

During these four days, I experimented very critically with known 
alloys of gold, silver and copper, previously prepared for this purpose, 
and I obtained some very interesting results. Many practical difficulties 
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presented themselves in the outset, and it was some time before I succeed- 
ed in obtaining a special adjustment of the apparatus appropriate to my 
purpose. 

Using one-half of the largest Ritchie induction coil, throwing a spark 
of eleven inches, (fed by a powerful battery and reinforced by four large 
condensers) in connection with a two-prism Browning Spectroscope, I 
found that upon gradually separating ths metallic electrodes, certain of 
the lines broke in the middle ; and, upon further increasing the distance 
between the electrodes, the hiatuses in the spectral lines increased pro- 
portionately, but unequally with different alloys. 


This, as I am informed, is the novelty in spectroscopic research, dis- 
covered by Mr. Lockyer, upon which the theory of possible quantitative 
analysis is founded, and I was much gratified at having verified the ex- 


periment. 


Repeated trials with various alloys, gave similar effects. Having proved 
this general incident, a systematic series of experiments with alloys 
enabled me to map the difference of fineness between specimens 500 and 
750 fine and even to recognize the variation between ingot-slips 895 and 
902 fine. These results were observed by Mr. Andrew Mason, of the New 
York Assay Office, and by several members of the National Academy of 
Sciences, then on a visit to the Stevens Institute, as also by other 
gentlemen, to whom some of the experiments were shown. The varia- 
tion within seven thousandths above referred to, was by no means 
marked—indeed, over-cautiousness prevents my relying upon its certainty 
—although a more delicate adjustment of apparatus and further expe- 
rience would probably render the distinction more decided. Of course, 
in these experiments, it was necessary to eliminate the numerous air 
lines which appeared in all the spectra. A difficulty which presented 
itself in the exact comparison of certain characteristic lines of gold, 
silver and copper, whose positions in the spectrum are in close proximity, 

yas overcome by using a pure metal as one electrode and another pure 
metal as the other electrode. The effect thereby produced was very 
curious. With pure gold and pure copper as the electrodes, the gold lines 
extend across only one-half the field of the spectrum, and the copper lines 
extend across only the other half, the medial termini of both sets of lines 
being perfectly sharp and bright. By this means a double spectrum of 
copper and gold is obtained, or rather, a section of a complete gold spec- 
trum and a section of a complete copper spectrum are visible in imme- 
diate juxtaposition, thereby enabling a most accurate comparison of lines, 
which in reality are not identical in position, but which by the pre- 
vious method were apparently so. 


sy a slight modification of the experiment, substituting pure copper 
as one eleetrode and an alloy of silver and gold as the other, the proxi- 
mate lines of these three metals are presented mapped, as it were, on a 
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natural scale. Further modifications of this principle suggested them- 
selves and were tried with indications of valuable results. (Fig. 1.) 


By using as one electrode, an alloy of gold and copper of comparative 
fineness, and a baser alloy of the same metals as the other electrode, a 
result not before observed presented itself. The lines of both copper and 
gold crossed the entire field of vision, but in the section representing the 
fine alloy, the gold lines were strong and bright, while in the section rep- 
resenting the base alloy the gold lines were very faint. (Fig. 2.) 


. 
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By now gradually increasing the distance between the electrodes, the 
faint gold lines of the base alloy cease to join their bright counterparts 
of the fine metal at the central line. (Fig. 3.) 


Cu Cu Aw 


The intervening space is at first minute, but as the electrodes are 
further separated, the ends of the faint lines gradually recede towards 
the outer edge of the spectrum until they finally disappear altogether. 
A scale was constructed of the distances at which the electrodes were 
withdrawn during the several trials, and careful notes were made, but 
time did not permit an elaboration of these experiments by accurately 
testing the results when alloys of approximate fineness formed the elec- 
trodes. I had wished to use a spectroscope of greater dispersive power, 
(in order to observe as many distinct lines as possible), and also to 
magnify the lines by projecting the spectrum through a lantern upon a 
screen. 
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The general principle was satisfactorily proved, however, that where 
two alloys of different grades are subjected to this treatment, the gold 
lines of the baser compound are noticeably the fainter of the two, and, 
what is more important, they may be reduced in length by separating 
the poles, until they disappear. 

This points to the possibility of the future application of Spectrum 
Analysis to Assaying, at least as a test method. For, if an alloy of abso- 
lute known fineness were adopted as one electrode, and an ingot-slip 
assayed by the old process to an equal grade of fineness were inserted as 
the opposite electrode, in case the assay were correct, the gold lines in 
both sections of the spectrum should appear of equal brightness, and 
more especially, should begin to recede from the central line of the spec- 
trum at the same moment, and should disappear at the same moment. 

The spectra being inevitable natural effects of physical causes, a varia- 
tion between two specimens of supposed equal fineness would, in theory, 
be necessarily indicated by the respective lines failing to correspond in 
their reciprocal action. To use the method as a means of original assay, 
it would be necessary, among other things, to construct scales of delicate 
measurement which, if possible at all, could‘ only be done by a long 
course of laborious investigation. 

The experiments of which the foregoing is a resumé, involved many 
matters of practical detail to which it is unnecessary to allude, and having 
been conducted at short notice and within the brief period of four days, 
they must be considered as simply preliminary. 

Respectfully submitted, 


ad A.LEx. E. OUTERBRIDGE, Jr. 


Philadelphia, May 5th, 1874, 
Wma. E. Du Bors, Esq., 
Assayer U. S. Mint. 

Srr :—Since submitting to you my report of the 30th of October last, I 
have continued at intervals the investigation of the ‘‘ Electrical Spectra 
of Metals,’’ with a view to the practical application of the spectroscope 
to Mint assaying. 

Having repeated and proved the correctness of the experiments pre- 
viously recorded, using a three-prism spectroscope and an induction cojl 
capable of throwing an eight inch spark, (kindly furnished me by Dr. R. 
E. Rogers of the Medical Department of the University of Penna.) I found 
it necessary to devise a special apparatus for manipulating the electrodes 
when under examination. This was made for me by Mr. Saml. James, 
the machinist in the Mint, and admirably fulfilled its object. A photo- 
graph and description of it are appended hereto. Its peculiarity consisted 
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in an automatic combination of accurately proportioned screws, acting 
in opposite directions, by which a single motion of the hand sufficed to 
cause the upper and lower electrodes to approach or recede from the cen- 
tral line of contact in an equal degree. The electrodes, which consisted 
of small strips of metal cut to a point, were held by a suitable arrange- 
ment on the outer circumference of two metallic rings insulated from 
each other, the upper one slotted to receive a series of twelve electrodes 
of varying known fineness, and revolving horizontally, so that each elec 
trode might in turn be adjusted to face a single electrode of unknown 
fineness fixed on the lower ring. Its object was to admit of the electrodes 
being separated to any desired extent, while preserving the line of vision, 
through the spectroscope, directed to the centre of the spark. This isa 
point of much importance. 

A systematic series of experiments was now commenced, in which the 
behavior of the more volatile metals was at first studied, viz: Lead, 
Zine, Bismuth, Tin, Antimony, Cadmium, Mercury, Aluminium, &c. 
All these give more decided spectra than the less volatile precious metals, 
and some interesting results were noticed. Approximate illustrations of 
some of these spectra are appended. 

Proceeding to the examination of gold alloys, and starting with base 
poles—making the lower pole 250 fine and the upper pole 500 fine—the 
gold lines from the upper half were both longer and brighter. Now sub- 
stituting in place of the 250 pole one 700 fine, thé lower half showed the 
brighter gold lines. Then, changing the 500 pole for one 800, the bright- 
ness of the gold line was again reversed. This alternating effect may be 
continued, decreasing in degree as the fineness of the poles approach more 
nearly together, until both poles are of the same fineness, when th@fines 
will be equal in length and intensity. 

These experiments proved satisfactorily that comparatively wide varia- 
tions in the composition of gold alloys were discernible. I now had pre- 
pared at the Mint a series of graduated alloys of more approximate fine- 
ness, viz: 

GOLD AND COPPER. GOLD, SILVER AND COPPER, 

938. 940.1 

917. 918.7 

906. 866.8 

888.3 888, 

883.5 884.1 

876.5 883. 
These alloys were carefully prepared and assayed closely. 
* With one electrode pure gold and the other 938 fine, the difference be- 
tween the respective spectra was of course very marked, the copper lines 
appearing in the one and not in the other. Substituting for the pure 
gold the alloy 876.5, the difference was still very marked, for, although 
both gold and copper appeared in each, the copper lines were much 
brighter and somewhat longer in the baser alloy, while the gold lines were 
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brighter and longer in the finer. But on comparing the alloys 876.5 and 
883.5, (reducing the variation to seven thousandths) I was both surprised 
and disappointed to find the visible difference of result but slightly appre- 
ciable. And the same with regard to the alloys 883.5 and 888.3, and the 
same with other alloys with equal or less comparative variation of fine- 
ness. A variation of one-thousandth, required an effort of the imagina- 
tion as well as of the eye to detect any difference whatever. And, al- 
though I endeavored to map an apparent difference between alloys vary~ 
ing two-thousandths, it would certainly not have been a safe test on which 
to base an assay. Frequent repetitions with changes of adjustment were 
tried, the battery power varying from one to six Bunsen cells, in connec- 
tion with Leyden-jars varying from one very small jar (improvised out of 
a test-tube) to fifty large jars, (representing a metallic superficies 
of many square feet) with variations of the distance of the electrodes 


apart, and with and without the use of a condensing lens, but all these 


failed to give closer results. 

It is true, that these changes of conditions produced certain variations 
in the effects observed—as, for instance, it was noticed that an increase 
in the Leyden jar surface always lengthened the lines—the distance be- 
tween the electrodes and all other conditions remaining the same—while 
a decrease in the condensing surface had an opposite effect. Thus, 
to take the extreme cases, with the single small Leyden jar above referred 
to, and one cell of battery, the lines broke when the electrodes were not 
more than ,\; of an inch apart, and disappeared entirely on separating 
the points 4 of an inch. 

With fifty Leyden jars and six cells of battery, it was found impossible 
to break the lines at all, even by removing the electrodes to the extreme 
limit of the spark, and in this case new lines also appeared. 

Other variations occurred ; such as a momentary irregularity in the 
length and brightness of the lines, under a strong battery power, owing 
to the unequal action of the spark ;—a difference in the action of the gold 
lines dependent upon the nature of the alloy, silver tending to lengthen 
them more than an equal admixture of copper ;—the length of the lines 
is also dependent upon the distance between the spark and the slit (when 
the latter is used without the intervening condensing lens) ;—moreover, 
the eye itself is liable to become confused by continued comparisons of 
very slight differences. The above and other modifications, so far from 
solving the problem of close work, rather indicated possible sources of 
error. 

Another element of the process suggested itself to me as likely to ren- 
der the results uncertain for the practical purpose of assaying, viz : 
whether the quantity of metal vaporized and giving the spectrum is not 
too infinitesimal to give safe results for a large melt. This would be af- 
fected by the least want of homogeneity in the metal. This is a serious 
consideration, and with the view partly to search for unknown sources of 
error and partly to ascertain generally the quantity of metal operated on 
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in a spectroscopic assay, (should that ever be possible) the following ex- 
periment was tried. Having weighed small electrodes, averaging 18 
milligrammes each, with the greatest possible accuracy on the gold assay 
balance of the Mint, (which is sensitive to a twentieth of a milligramme, 
or even less,) and having arranged a spark register, I found that 1000 
sparks might be passed between these poles, each spark showing the 
spectrum of the metal distinctly, and yet the loss in weight was too small 
to be made the base of calculation. Thus, a gold pole lost in weight after 
passing 1000 sparks, ;,55 of a grain; this gives for each spark yy5)555 
of a grain of gold, producing a bright spectrum. I increased the number 
to 3000 sparks as the test. The loss of weight depends of course upon 
the electric volume, and in the experiments tabulated I endeavored to 
keep the latter constant. A slight deposit of the vaporized metal from 
the opposite pole takes place in fine division, but this is easily re- 
moved—in the case of copper and gold poles by dipping the gold fora 
moment in weak acid, or by gentle rubbing. The annexed tables (marked 
A and B) show that the loss in weight is marvellously small, averaging 
less than seven-tenths of a milligramme of gold for 3000 sparks. To give 
the amount for each spark, this must be divided by the number of sparks; 
thus, in round numbers an electrode loses ;;°;5 of a grain after passing 
3000 sparks ; or for 1000 sparks ;,\55 of a grain, or for each spark ;yyh555 
ofa grain. The exceedingly small quantity of metal thus assayed ren- 
ders this process, to my mind, inapplicable to the operations in the Mint; 
for it is necessary to determine gold assays to the ;,5)55 part of the nor- 
mal assay weight, and it is hardly conceivable that a discrimination to 
the ;5)59 part of the spark assay weight, or the ;555a)s0000 Of a grain is 
practically possible. Even if it were, it would not be proper to assume 
that a test on such an atomic scale would correctly represent the value 
of a large deposit, or even of gold ingots. It would certainly not be in 
the case of silver, which segregates. 

The table of loss shows another curious and unexpected result, viz. : 
that the loss in weight of the volatile metals very slightly exceeds and in 
some cases does not equal the loss of the less volatile metals. Thus, in 
three different experiments of 3000 sparks each, copper loses but .1 M. while 
gold loses .5 M. It must be remembered that in these experiments a much 
stronger spark was used than was necessary to show a visible spectrum. 
When reduced to a'minimum, as was done in the case of the miniature 
Leyden jar, which still gave a distinct spectrum, the loss in weight after 
3000 sparks, for silver, copper and tin, was absolutely inappreciable on 
the balance. 

An unexplained anomaly was also noticed in relation to the sensitive- 
ness of the spectroscope to the metals present in small quantity. Although 
Mr. Cappel has shown, by passing the spark through weak solutions of 
pure metals, that z,\5) of a milligramme of gold will show a spectrum, 
(it is even less than ;,\;5 of a M. according to an experiment performed 
by the method described above) yet a comparatively large proportion of 
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gold may be present in an alloy, the presence of which will not be indi- 
cated at all by the spectroscope. 
Silver, 708 parts. 
In a slip composed thus:....... 4 Copper, 254 
the spectra of silver and copper are alone visible. ( Gold, 38 


1000 

In fact, in an alloy of gold and copper containing from 200 to 250 parts 
of gold, the gold spectrum is barely visible. In the case of gold con- 
taining copper, it was found that one per cent. of the latter sufficed to 
show the copper spectrum ; likewise in an alloy of nickel and copper 
containing 20 per cent. of nickel, its spectrum is not visible. 

If the spectroscope fails to reveal the presence of anything less than 
200 parts of gold in a base alloy, even a theorist must admit that one could 
scarcely expect to be able to discriminate with certainty a variation of 
roo0o in a fine alloy. 

It is not impossible that future discovery may succeed in explaining 
this anomaly, in harmonizing the apparent inconsistencies, in eliminating 
the sources of error, and in reducing the operation to practicable cer- 
tainty, but in the state of spectroscopic science as it now exists, so far as 
I have been able to perceive, I have arrived at the opinion, not without 
regret, that assaying by means of spectrum analysis is impracticable for 
the purpose of Mint operations. 

In conclusion, it should be stated that the principal part of my work 
was performed at the University of Pennsylvania, with the benefit of the 
excellent apparatus and appliances afforded in the new and magnificent 
college building. For this privilege, and also for many valuable sugges- 
tions and for personal favors, I desire to acknowledge my indebtedness to 
Professor Geo. F. Barker of that Institution. 


Very respectfully, yours, 


ALEX. E. OUTERBRIDGE, Jr. 


TABLES. 


First column shows the weight of the metallic-electrodes in milligrams 
before passing the sparks. 

Second column shows the weight after passing 3000 sparks. 

Third column shows total weight of metal volatilized (in fractions of a 
milligramme). 

Fourth column shows the amount of metal volatilized by each spark 
(in fractions of a milligramme). 
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Fifth column shows the amount of metal volatilized by each spark in 
fractions of a grain troy. 


*Upper Pole. 
Lower ‘ 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 


Average. 


Upper. 
Lower. 
Upper. 
Lower. 
Upper. 
Lower. 
+Upper. 


Lower. 


Copper 


ce 


Gold Ingot, 


Gold 
Copper 
Gold Ingot 
Copper 
Silver 

Tin 

Nickel 


‘é 


A 


,;0000 


19700 


1 
121000 





9.9 
20.4 
20 

5.8 
19.4 
11.95 
11.9 


1 
6000 


1 1 
30000 1940000 


1 
5000 
1 
15000 
1 
15000 
1 a 
5000 8240090 


3880000 


1 
1970000 


*Note—The upper pole usually formed the positive electrode. 


+Notre—The minimum of metallic Nickel producing a spectrum according to Cappel’s 


tables is g}5 of a milligramme. 
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DESCRIPTION OF FIGURES 1 AND 2.* 


A is a cast-iron base supporting the brass stem C which has a thread 
cut upon its lower end in order that it may be raised or lowered in the 
base A and firmly held in position by the jam nut B. 

Into the stem C, a secondary stem D is screwed ; this may be raised 
or lowered in stem C by turning the hand-wheel GH. 

Upon the upper end of the secondary stem D is fitted a cylinder com- 
posed of the metallic band FF and the insulating centre G. This cylin- 
der is held in position by the collars on either side, and is kept from ro- 
tating by a pin passing through the upper collar and sliding in a slot in 
the third stem E. 

Through the stem C and’ secondary stem D passes a third stem E of 
steel, having upon its upper end a cylinder similar to the one before de- 
scribed, except that it is slotted to receive twelve strips of metal, while 
the lower cylinder is slotted to receive one strip. This cylinder is free to 
turn upon the stem E, and is fixed at any point by the nut upon the end 
of the stem. 

The stem E is prevented from turning by a pin sliding in a slot in the 
lower stem C. 

The pitch of the screw upon the stem E, is twice that of the screw on 
the lower end of the secondary stem D. In turning the hand-wheel 
GH in either direction, the stem E with the upper cylinder, though 
moving over twice the distance of the lower cylinder, yet moves an equal 


distance from a central point between the two cylinders, because the lower 
cylinder in moving from the central point carries with it the upper cylin- 
der. It is to overcome the distance lost that the pitch of the screw upon 


the stem E is doubled. 
The lower portion of the secondary stem D is divided into 24 degrees. 
A movement of a degree separates the electrodes ;}, of an inch. 


*NoteE—Fig. 2 is reproduced by Mr. Carbutt. of Philadelphia, from 
the original drawings according to a modification of the Woodbury 
Photo-relief process. 

With Fig. 2 are given in this No. of the Proceedings, and by the same 
process, fac-similes of two sets of drawings of spectra of various alloys 
described in the above memoir. 
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Stated Meeting, May 1st, 1874. 
Present, 17 members. 
Vice-President, Mr. Fratey, in the Chair. 


Letters accepting membership were received from Dr. W. 
Camac,* dated Philadelphia, April 30th; from Mr. Frank 
Thomson, dated Altoona, April 28th; from Prof. C. A. 
Young, dated Dartmouth College, Hanover, N. H., April 
22d; from Mr. Raphael Pumpelly, dated Newburg, N.Y., 
April 22d. 

A letter announcing the death of his father was received 
from M. C. Quetelet, dated Brussels, April 2d, 1874. 

A letter, dated 12 Queen Victoria street, London, E. C., 
April 14th, was received from Mr. Fairman, Editor of the 
Eastern Echo. 


A letter from,.Mr. R. Patterson requested the members of 


the Society to inspect his copy of Mrs. Peale’s “ Memorial 
Volume,” of which only twenty-five copies had been printed 
for private distribution. The folio which lay upon the 


table contained 81 plates, representing 1,153 specimens of 
relics of the Stone Age, found in Europe and America, and 
collected and mounted in the cabinet of the late Mr. Frank- 
lin Peale, of Philadelphia, a member of the Society. These 
plates are all photographs, described in a catalogue pre- 
faced to the volume. As Mrs. Peale has declared her inten- 
tion’ to present the cabinet itself to the American Philo- 
sophical Society, no copy of the volume is reserved for the 
the Library. 

A letter requesting the use of books was received from 
Mr. Blasius, and, on motion of Mr. Whitman, the Librarian 
was authorized to loan such books on Meteorology as Mr. 
Blasius needed for his investigations, taking proper receipts 
for their safe return. 

Donations for the Library were reported from the Acad- 
emies at Berlin and Brussels; the Annales des Mines and 
Revue Politique; the Royal and R. Astronomical Societies; 
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London Nature; and Mr. Prestwich; the Essex Institute, 
Boston Soe. Nat. Hist.; Boston Public Library ; American 
Antiquarian Society ; Mass. School for Idiots ; Harvard Col- 
lege; Mus. Com. Zoélogy; American Chemist; Dr. Raynold 
Coates; Prof. Cope; McCalla & Stavely; Pennsylvania Board 
of Public Charities; BuffaloS. N.Soc.; University of South 
Carolina; and Mr. Michley, of Pennsylvania. 

The death of Prof. John Phillips, of Oxford, was an- 
nounced by the Secretary. 

On motion, the Publication Committee was discharged 
from the consideration of Dr. Allen’s paper, and Messrs. 
Whitman, Lesley and Brinton were appointed a Com- 
mittee to report to the Society upon the cost of its publica- 
tion. 

Dr. C. M. Cresson communicated the results of analysis of 
coal from the different benches or layers of the Mammoth 
bed, with a comparison of their heating powers, &c., illus- 
trated by diagrams. 

Mr. Chase communicated, through the Secretary, a letter 
from Dr. Wm. F. Channing, of Boston, on the need of 
additional signal service at the Bermudas and along the 
New England archipelago. 

On motion, a copy of the communication was ordered to 
be sent for the consideration of the U. 8. Bureau §. 8. 

Mr. Lorin Blodget exhibited on a chart of the United 
States a centre of maximum sudden variation in tempera- 
ture during the winter months, and explained his views 
of the cause of the phenomenon. 

Prof. Houston, Mr. Briggs, Dr. Emerson, Mr. Lesley, Mr. 
Whitman, and Gen. Stokes joined in the discussion which 
ensued. 

Dr. Emersop-aseribed the gradual translation southward 
of the peach-belt of the Atlantic coast to the progressive re- 
moval of the forests, exposing the fruit to severe variations 
of- climate. 

Gen. Stokes showed, by his experience in peach planting 
on limestone soils, and by the later development and long 
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fruitful life of his large old trees, that the chemical consti- 
tution of the soil must be considered an element in the 
problem. 

Mr. John Fulton, of Saxton, communicated, through the 
Secretary, a new and more complete section of the coal beds 
of Somerset Co., Pa. 

Prof. Fraser communicated a statement supplementary to 
his observations in September last on the color of the moon. 

Mr. Fraley reported the receipt of the last quarter’s rentes 
from the Michaux Legacy investment 

And the meeting was adjourned. 


Stated Meeting, May 15th, 1874, 


Present, 13 members. 
Vice-President, Mr. Frauey, in the Chair. 


Dr. W. Camac, a new member, was introduced to the 
presiding officer, and took his seat. 

A letter declining membership from inability to attend 
the meetings was received from Mr. J. C. Browne, dated 
907 Clinton street, Philadelphia, May Ist, 1874 

Letters of acknowledgment were received from the U. 5. 
Observatory, Washington, May 4th. 1874 (IL., V,, XIL., 
XIITL., XIV., XVI., 69, 70, 71, 73, to 91); the New York 
Historical Society, May 11th, 1874 (XV., i.); Holland 
Society, Harlem, March Ist, 1873 (XIV., iii, 87); R. 
Academy, Lisbon, March 26th, 1874 (88, 89); and R. Ob- 
servatory, Prague, February 4th, 1874 (88, 89). 

Letters of envoy were received from the R. Academy at 
Amsterdam, Nov. 15, 1873, and the H. Society at Harlem, 
March, 1873. 

Donations for the library were received from the Holland 
Society at Harlem; R. Academy at Amsterdam; Geological 
Institute at Vienna; R. Academy at Turin; Revue Politique; 
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